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ABSTRACT 
Planting winter-annual cover crops prevent soil erosion, reduces water runoff, and improves 
soil structure and soil quality. This research was conducted from 2017 to 2019 to evaluate the 
nutrient turnover of different species of cover crops in soils under different row crop production 
systems in Northeast and Central Louisiana. In Northeast Louisiana (Site 1, 2, and 3), treatments 
(cover crops and no cover crop) were arranged in a strip trial with three replications. At the Ben 
Hur Research Station, the treatments included three planting dates (September, October, and 
November) with [7 kg ha-1 of phosphorus (P) and potassium (K)] and without fertilization 
arranged in a split-plot randomized block design with four replications. Cover crop treatments 
produced significantly higher biomass yields than the no cover crop treatments across sites in 
2018 but only at Site 3 in 2019. For most site-years with high biomass accumulation, the 
amounts of soil nutrients removed or scavenged by cover crops from the soil subsequently 
increased the levels of available nutrients in the soil. However, there was no difference observed 
on yields of the main crops nor net return. Cover crops planted in September produced 764 kg 
ha-1 (39%) and 1632 kg ha-1 (153%) more biomass than cover crops planted in October and 
November, respectively. Recovered nutrients were higher for September-planted cover crops 
than October and November-planted cover crops. Generally, cover crop biomass had a negative 
association with soil P and K nutrient content in most site-years. Main crop yields had weak 
positive associations at Site 1 in 2018 (r2 = 0.43), and Site 2 in 2019 (r2 = 0.16). A negative 
association was observed at Site 3 for both years (r2 = 0.23 and 0.17), and at Ben Hur Research 
Station (r2 = 0.5). This study demonstrated that planting dates had a more evident and consistent 
impact on cover crop growth and biomass accumulation than fertilizer treatments. In addition, 
positive impact on main crop yields and net returns were not observed suggesting that the 
v 
 
improvement in soil fertility and crop productivity requires long-term adoption of cover 
cropping. 
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CHAPTER 1 
INTRODUCTION 
   The major crops produced in Louisiana are corn (Zea mays), soybean (Glycine 
max), cotton (Gossypium), and sugarcane (Saccharum officinarum) (NASS-USDA, 
2020). Corn production has become the principal cropping system in Louisiana where 
the initial increase in corn production areas occurred in 2007 (299,467 ha) compared 
with 2006 (121,405 ha) (Fannin et al., 2008). In 2019, areas planted with corn (220,553 
ha) and cotton (109,265 ha) were less than soybean (348,029 ha). Corn, soybean, and 
cotton production in 2019 were 16% higher, 33% lower, and 38% higher than  in 2018 
(NASS-USDA, 2020). Cropping systems can deplete the soil of its nutrients, organic 
matter, and productivity (Causarano et al., 2006). The warm temperatures and high 
average annual precipitation in the southeastern USA increase the rate of decomposition 
of soil organic matter (Middleton, 2020). In addition, McGregor et al. (1975) estimates 
high rates of soil erosion in southern Mississippi under conventional tillage practices 
(18 Mg ha−1 year−1) and low rates under conservation tillage (3±2 Mg ha−1 year−1). Crop 
rotation has shown some positive effects on soil organic carbon, especially in crop 
rotation systems that include legumes wherein both organic matter and nitrogen (N) are 
added to the soil (Lopez et al, 1996). 
Conservation practices can reduce degradation of soil structure creating soil stability 
therefore increasing water holding capacity and drainage that helps reduce water 
logging and drought (Holland, 2004). Furthermore, conservation tillage can reduce 
disruption of the soil increasing soil organic matter that eventually will help in building 
soil structure, therefore improving water infiltration rates, and nutrient cycling (Beare 
et al., 1994; Six et al., 2000). No-till systems enhance microbial activity in the soil 
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through increased soil organic matter from crop residue incorporation (Ahl et al., 1998; 
Montemurro et al., 2007). Thus, the benefits from conservation tillage practices are 
attributed to retained crop residue at the soil surface (Reeves, 1997).  
A study conducted by Walling (1990) showed that soil organic matter in the last 40 
years has declined as agriculture practices have become more intensive reducing crop 
residues and substituting organic manure with inorganic fertilizer. Wander et al. (1994) 
reported that soil organic matter increases slowly around 3% to 4% after 10 years or 
more in the soil. Therefore, crop residue removal reduces soil organic carbon; 
consequently, reducing water retention, soil fertility, microbial activity, and 
productivity while increasing soil loss due to wind erosion. Blanco-Canqui and Lal 
(2009) estimated 50% residue loss could drastically reduce soil organic carbon 
accumulation in the long term based on the removal rate of 0.46 g kg–1 of soil organic 
matter lost per 1 Mg ha -1 residue removed. Retaining and incorporating main crop 
residue after harvest is the key to increase soil organic matter (Blanco-Canqui et al., 
2013).  
Soil organic matter has a strong effect on soil structure, buffering capacity, water 
filtration rates, and soil microorganism activity (Greenland et al., 1975; Evans, 1996). 
Moreover, Jastrow et al. (1996) demonstrated soil microaggregates bind together with 
soil organic matter then form larger microaggregates that increase soil stability 
indicating a strong correlation between a reduction in soil aggregation and loss of soil 
organic matter (Cambardella and Elliott, 1993; Beare et al., 1994). According to Six et 
al. (2002) and Blanco-Canqui and Lal (2004), the stabilization of soil organic carbon in 
the soil is by chemical, biochemical, and physical mechanisms. Chemical mechanisms 
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occur through the formation of different bonds between soil organic matter and soil 
particles. Biochemical reactions occur through the complexity of the organic 
compounds, while physical reactions occur via stability of soil aggregates. 
In reduced tillage practices, crop residue is used as a soil surface cover. The 
protection of the soil surface from crop residue reduces soil and water loss compared to 
tillage systems that incorporate residue into the soil after harvest. The quantity of 
surface residue after tillage operation depends on the crop residue type, field operation 
such as type of implement used, number of passes, depth of incorporation , and 
machinery speed (USDA-NRCS., 1998). The increased amount of residue on the soil 
surface subsequently influences microbial activity and nutrient supply (Blanco-Canqui 
et al., 2015). 
 The long-term benefits from conservation tillage include increasing on soil nutrient 
levels, soil aggregation, water retention rates and soil organic matter concentrations 
(Busari et al., 2015). However, there are several disadvantages arising from 
conservation tillage practices including: increase crop damage from disease, insects and 
rodents, and decreased soil temperatures in the spring that slows down seed germination 
(Ruis and Blanco-Canqui, 2017). Also, different conservation tillage practices require 
different agriculture management. For example, strip tillage practice is used when the 
crop residues are retained on soil surfaces and no soil disturbance occurs except in 
narrow (15 – 30 cm) strips during planting or fertilizer application (Acharya et al., 
2019; Jug, 2019).    
Another way to increase soil cover is to integrate cover crops in row cropping 
systems. Cover crops can provide additional biomass to cover soil surfaces during 
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fallow periods (Heggenstaller et al., 2008). Cover crops can protect the soil against 
erosion, improve soil structure, enhance cycling of soil nutrients, and increase organic 
matter while reducing weed pressure (Justes et al., 2012). Nitrogen fertilization can 
increase the amount of organic carbon and residue that returns to the soil by increasing 
crop yield (Halvorson et al., 1999). For these reasons, cover crop, crop degradation and 
N fertilization influence mineralization rates of crop residues, organic matter 
accumulation, and carbon sequestration (Gregorich et al., 1996). 
The beneficial effects of cover cropping depends on the types of cover crop species, 
seeding rate, and termination times (Tonitto et al., 2006). Cover crops are primarily a 
soil cover during the fallow period after harvesting of row crops thus considered a 
winter cover crop in Louisiana or Mid-South. According to Büchi (2018), cover crops 
increased biomass and competed with weeds, and increased soil organic carbon. 
Selection of cover crop species is an important decision; legume species host bacteria 
that fix atmospheric N and reduce N fertilizer application rates while other cover crops 
such as ryegrass (Lolium perenne) uptake mineral N that otherwise is lost via leaching 
(Dabney et al., 2001; Mazzoncini et al., 2011).  
Sapkota et al. (2012) reported while tillage, cover cropping, and N fertilization have 
a complex interaction in the soil, the farmers’ choice of practices has more influence on 
cropping systems than the sum of these individual effects. The degree of impact of 
cover crops on soil organic carbon and main crop yields changes according to soil type, 
climate, cover crop species, and cover crop management (Ashworth et al. , 2017). 
Soybean average yields increase by 3.8% when cover crops are established during the 
fallow period (CTIC, 2017).  
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The reduction of soil erosion depends on the time of cover crop establishment or 
planting and cover crop species. As soil microorganisms decompose plant material, 
some compounds (polysaccharides) that are more stable in nature remain in the soil 
(Arshad and Gill, 1996).  Complex polysaccharides form strong bonds between small 
soil particles promoting aggregation. Legume cover crops have better production of 
polysaccharides than grasses (Angers, 1992). Grass species create improved aggregation 
through the production of numerous fine roots that hold soil aggregates (Marshall et al., 
2016).  
Cover crops may be a non-legume, a legume, or a mixture of the two. The main 
difference between non-legume and legume cover crops is the resulting N management 
for the following main crop. Legumes fix N in association with N-fixing bacteria while 
non-legumes only use N available in the soil. For this reason, legume residues may have 
higher N concentrations than non-legume species depending on the growth stage 
(Norsworthy et al., 2010). Microorganisms use food sources such as C, N and others 
from crop residues; if the N concentration from residues is low, they use soil N. In 
contrast, when N concentration in the residues is greater than the microorganism needs, 
N is released becoming available for plant uptake (mineralization). Legume cover crops 
obtain N from the atmosphere through a symbiotic relationship with N fixing bacteria 
(rhizobia) by forming nodules on the root surface (Bardgett et al., 2003; Jones et al., 
2018). The rhizobia inside the nodule absorb N2 gas from soil and covert it to 
ammonium (NH4
+). The symbiotic relationship between legume host plant s and nodule 
bacteria is mutually beneficial. Plants provide energy (sugar, carbohydrates, adenosine 
triphosphate or ATP) for rhizobia to fix N2, and rhizobia provide NH4
+ to the host plant 
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(Tikhonovich and Provorov, 2007). Nitrogen fixation requires molybdenum ((Mo), iron 
(Fe), potassium (K), sulfur (S), phosphorus (P), and zinc (Zn) to support the biological 
N fixation. Furthermore, good aeration in the soil is required for efficient fixation 
(Tejada-Jimenez et al., 2018; Walter, and Whiles,  2020; Zahran, 2001).  
Small grain and other grass species of cover crops can contribute N to main crops 
depending on (cover crops) the growth stage and the total amount of biomass produced 
before termination. The C and N ratio (C: N) of cover crop biomass determines which 
will dominate between immobilization and mineralization process. The C: N ratios of 
small grain residues are mostly dependent on the time of termination. Mature grass 
cover crops produce straw or other fibrous residue that have high C: N ratios thus N 
immobilization follows until C depletion starts, which can take several weeks (Wagger, 
1998).  This is one reason why it is better to wait a couple of weeks after terminating 
cover crops with low N in its biomass before planting the main crop. On the other hand, 
annual legumes have low C: N (10:1 or 15:1) thus N becomes readily available in the 
soil.  Mixing legume and non-legume cover crops, depending on the final C: N ratio of 
the mixture, helps in controlling the release (or retention) of nutrients in the soil 
(Finney, 2016; SARE-USDA, 2010). 
Cover crops help develop better nutrient cycling by taking up nutrients that might 
leach out of the soil profile. Cover cropping reduces losses (of these nutrients) by 
sequestering both nutrients and water for their growth (McGill and Cole, 1981). 
Nitrogen in nitrate (NO3
-) form is very vulnerable to leaching because it is water 
soluble and cannot be adsorbed on soil exchange sites. Grasses and brassicas are better 
than legumes in terms of reducing NO3
- leaching (Kremen and Weil, 2006). Moreover, 
7 
 
these cover crop species return other nutrients to the top soil profile from deep soil 
layers. Calcium (Ca) and K tend to leach in drained water, so these nutrients can be 
brought up from deep soil layers by cover crop root systems by mass flow and root 
interception (Pierret et al., 2016; SARE-USDA, 2010). Later, cover crops die and upon 
decomposition nutrients are released to the soil. The roots of some cover crops, 
especially legumes, host beneficial mycorrhizae fungi which enhance P absorption from 
the soil (Fageria et al., 2014). The filaments (hyphae) serve as extensions of the root 
system and help the plant acquire P from the soil and the fungi obtain energy in the 
form of sugar that plants produced (Elfstrand et al., 2007; Fageria et al., 2013). 
Cover crops penetrate and break up compacted layers of soil such as forage radishes 
(Raphanus sativus var. oleiformis). Grasses relieve compacted surface soil layers 
through its extensive root systems over long term processes. Additionally, cover crops 
serve as a living mulch to produce biomass that suppress weeds, however, to avoid 
competition with the cash crop there are chemical or mechanical methods to terminate 
cover crops before planting the main crops.  
In the south, crimson clover (Trifolium incarnatum) is a cool season cover crop that 
dies naturally during summer thus does not compete for water or nutrients with main 
crops. Hairy vetch (Vicia villosa) grows slowly in the fall, but root development 
continues over the winter. It is a winter annual and summer annual legume with the 
ability to supply N, suppress weeds, and reduce erosion. Hairy vetch provides 
mineralized N to cash crops (Ebelhar et al., 1984). In addition, its mulching effect 
improves soil structure, moisture retention, crop root development, and biological 
activity. However, legume cover crops do not contribute to building up soil organic 
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matter due to its low C: N ratio ranging from 8:1 to 15:1. Moreover, hairy vetch 
biomass production is lower compared to other winter cover crops (1,960 - 6,950 kg ha-
1) (Heath at al., 1985; SARE-USDA, 2010). Alsup et al. (2002) reported that hairy vetch 
has higher plant P concentrations in its biomass than crimson clover, red clover 
(Trifolium pretense) or crimson/ryegrass mixtures. It has relatively high P, K and S 
requirements and grows well in soils with a pH between 6.0 to 7.0 (Duke, 1981).     
Crimson clover is a winter annual and summer annual legume. It provides early 
spring N sources to the cash crop, and the ground cover and organic matter produced 
from its biomass is a good soil builder and prevents erosion for its early fall biomass 
production. Crimson clover can produce 3,923 to 6,725 kg ha -1 dry biomass containing 
78 to 168 kg N ha -1 (Teasdale, 1996). Crimson clover uptakes N by scavenging 
mineralized N as well as legume fixation. It grows very well in any type of soils with 
good water filtration, especially those with sandy loam texture (Harper et al., 1995; 
Meisinger et al., 1991). Crimson clover biomass should be incorporated into the soil 2 
to 3 weeks before planting the main crop (Sattell et al., 1998). 
Annual ryegrass (Lolium multiflorum) or Italian ryegrass is a biennial plant and has 
a tendency to regrow quickly in cool regions then produce seeds in late spring. It has an 
extensive soil holding root system that helps it to establish quickly even in poor, rocky, 
or wet soils. Its root system improves water infiltration and soil tilth ; ryegrass may 
accumulate 44,834 to 10,087 kg dry matter ha -1 in a season (SARE-USDA, 2010). 
Mixed with legumes or grasses, annual ryegrass can establish first and improve early-
season weed control. Ryegrass is a high N demanding plant that utilizes residual N in 
the soil that reduces NO3
- leaching. It is estimated that with its fibrous root system, 
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ryegrass takes up an average of 48 kg N ha-1 (Shipley et al., 1992). Ryegrass grows 
better in fertile, well-drained loam and sandy loam soils, but it can be established in 
many soil types (Evers et al., 1997). 
Radish (Raphanus sativus) is a winter annual belonging to the Brassicaceae (or 
Cruciferae) family. This cover crop reduces soil compaction, nutrient leaching, weed 
pressure, and soil erosion (Weil and Kremen, 2007). Forage and oilseed radishes have 
become the species of choice in many cool and warm season cover crop mixtures. 
Radishes establish quickly and provide good protection against wind and water erosion . 
They are excellent at breaking up shallow layers of compacted soils , scavengers of soil 
N, P, K, and other nutrients from deep soil layers after harvest ing cash crops. These 
nutrients remain in place after radish decomposition (Gruver et al., 2014). Radishes 
release chemical compounds called glucosinolates that are  toxic to many soil pests and 
some weeds (Ngouajio and Mutch, 2004). Radishes emerge within three days after 
planting in conditions above 4.4o C and with low soil moisture content (SARE-USDA, 
2010).  
There is limited research conducted on the effects of cover cropping on row-crop 
production systems in Louisiana. This research evaluated the nutrient turnover of 
different species of cover crops in soils under different row crop production systems 
including soil fertility and economic impacts in the Northeast and Central Louisiana.                                                                                                                                                                                                                                                                                                       
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CHAPTER 2 
THE EFFECT OF COVER CROPS ON NUTRIENT TURNOVER ON SOIL 
UNDER SOYBEAN – CORN OR COTTON ROTATION 
2.1 INTRODUCTION 
Corn (Zea mays) production has become a major crop in Louisiana where the initial 
increase in its production area occurred in 2007 increasi ng from 121,405 ha from the 
previous year to 299,467 ha (Fannin et al., 2008). The continuous row crop production 
can deplete the soil of its nutrients, organic matter, and productivity. This is especially 
common and evident in warm and humid climate regions like Louisiana. Soils under 
intensive rainfall are affected with low pH, high bulk density, low organic matter 
concentration, and low soil stability (Soil Survey Staff, 1999). 
Conservation practices in agronomic systems such as minimum- or no- tillage and 
cover cropping can reduce disruption in the soil, increasing soil organic matter, water 
holding-capacity, and nutrient cycling (Six et al., 2000). Cover cropping benefits soil-
crop systems in different ways such as increasing nitrogen (N) supplies for the next 
cash crop, reducing soil erosion and improving soil physical properties, and nutrient 
availability (SARE-USDA, 2010). Cover crops should be established after harvest in 
late September to October in corn-soybean (Glycine max) rotation to ensure good stand 
and contribute to increased soil organic matter and carbon sequestration (Acuña and 
Villamil, 201; Zomer et al., 2017). 
Winter cover crops create soil surface protection to reduce evapotranspiration and 
nutrient losses from leaching. According to Frye et al., (1988) winter cover crops can 
produce 2,242 kg ha-1 of dry matter that uses around 0.03 hectare-meters of water. 
However, winter cover crops could take soil-water reserves from the main crop in dry 
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seasons. Cover crops reduce surface runoff but will increase infiltration rates and 
nutrient losses by leaching through root uptake. Cover crop canopies break the impact 
of falling raindrops onto the soil surface. The infiltration rate has a direct relationship 
with rainfall intensity, soil type, and the soil elevation (Tayfun et al., 2018). Nitrogen 
(N) is the most difficult nutrient to manage in crop production. Nitrogen must be 
supplied in large quantities to meet the  nutritional requirements for cash crop yields. 
Nitrate (NO3
-) is a mobile N-form in the soil because it is a soluble compound, and it is 
repelled by negatively charged sites on soil colloids (Legg and Meisinger, 1982). In 
humid climates, leaching occurs when evapotranspiration is low and precipitation 
exceeds increases the soil's water-holding capacity typically between the months of 
November and May (Russelle and Hargrove, 1989).  
In an experiment in Illinois under no-till, Villamil et al. (2006, 2008) described that 
after three years of corn–soybean production with cover crops, increased soil organic 
matter, nutrient retention, and soil aggregate stability was observed compared to no 
cover crop treatment. However, the research did not find any effect on corn and soybean 
yields. The selection of cover crop species based on location and climate is essential to 
increase N uptake of the cover crops and the potential benefits for the following row-
crops (Lewis et al., 2018). 
Nitrogen uptake is the product of N concentrations and dry matter yields. Non-
legume species have small quantities of N and other plant-essential nutrients in its 
biomass (Wagger and Mengel, 1988). Non-legume crops produce high dry matter that 
immobilize high quantities of soil NO3
- (Mitchell and Teel, 1977). Between 20% to 
30% of cereal rye (Secale cereale) total dry biomass is roots whereas annual ryegrass 
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(Lolium multijlorum Lam.) total dry biomass consists of 30% to 45% root dry matter 
(McVickar et al., 1946). The cover crop root system species for the non-legume has 
high-root density which facilitates acquisition of nutrients and water in bigger volumes 
of soil. 
Some of the cover crop grass species use in the Louisiana include t riticale 
(×Triticosecale Wittmack), black oats (Avena strigose), cereal rye and tillage radish 
(Raphanus sativus). Triticale is a species developed by crossing wheat (Triticum spp.) 
and rye (Secale cereale L.) (Stace, 1987). The biomass production of winter triticale is 
higher than winter wheat (Triticum aestivum) and barley (Hordeum vulgare) which is 
beneficial for higher forage potential, weed suppression, or as a green manure. Triticale 
does not volunteer and it is not as hard to control as winter rye (Furman et al., 1987). 
Black oats can take up excess N (86 kg ha-1) and small amounts of phosphorus (P) 
and potassium (K) when planted early enough. Oats tolerate disease cycles and resist 
root-knot nematodes. Oats have excellent tillering and also good ground cover (SARE, 
2010). Cereal rye can be planted later in fall than other cover crops and still provide 
considerable amounts of dry matter. Rye has an extensive soil-holding root system that 
helps to reduce NO3
- leaching (Duiker and Curran, 2005). It establishes easy compared 
to other cover crops in low fertility soils either sandy or acidic, but it grows better in 
cool temperate zones. Rye can take up and hold as much as 113 kg N ha-1 (SARE. 
2010). According to Eckert, (1991) cereal rye increases the exchangeable K 
concentration on the soil surface contributing to the lower soil profile. Also, rye 
provides up to 11208kg dry matter ha-1 (Sarrantonio, 1994). Tillage radish is a part of 
the mustard family (Brassicaceae). Which grows rapidly in the fall with high biomass 
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production, and has excellent nutrient-scavenging abilities such as N, high weed 
suppression, and special pest resistance capabilities. Radishes produce allelochemicals 
compounds which are toxic to soil- pests and pathogens (NRCS-USDA, 2009).  
Legume cover crops fix N and produce N-rich dry biomass; however, legume 
species can vary considerably in terms of N concentration in biomass. Vetches (Vicia 
sativa) can contain 3% to 4% N whereas crimson clover (Trifolium incarnatum) 
biomass N content ranges from 2% to 3% (Ebelhar et al., 1984). Nitrogen availability 
from legumes depends on the quantity of N2 fixed; the amount and type of legume also 
affect the amount of residue returned to the soil. Yields of non-legume crops are often 
increased when they are grown after legume crops. The N required for optimum yields 
of corn following soybean is less than the N requirement of corn following corn 
(O’Leary, 2008).  
Legumes cover crops that are commonly used in Louisiana include Berseem clover 
(Trifolium alexandrinum) crimson clover, hairy vetch and Austrian winter peas. 
Berseem clover is a summer annual or winter annual legume and it is one of the most 
important agriculture fertility factors in the Nile Delta (SARE, 2010). It can produce 
around 8 tons of forage under irrigation, and produces N-rich biomass (112 to 224 N kg 
ha-1) with an average N content of 2.5% (Graves et al., 1996). A study in Louisiana 
showed that berseem clover produced the highest biomass (7341 kg ha -1) among five 
winter annual legumes (Boquet and Dabney, 1991). Moreover, it is an easily winter-
killed cover crop allowing any N-demanding (main or cash) crop to be established 
easily (SARE, 2010). Crimson clover fixes N adding 78 to 168 kg N ha-1 to the soil 
organic N pool from dry biomass averaging from 3923 to 6165 dry kg ha -1 (Boquet and 
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Dabney, 1991; Dabney, 1991). A study conducted in Mississippi showed that  crimson 
clover provided sufficient amounts of N for grain sorghum production. It produced 
more dry matter (6277 to 6725 kg ha -1) compared to hairy vetch (Vicia villosa), 
bigflower vetch (Vicia grandiflora), berseem clover, arrowleaf clover (Trifolium 
vesiculosum) and winter peas (Pisum sativum subsp. arvense) (Varco et al., 1991). 
While hairy vetch growth is reduced in the fall, its root system continues to grow over 
winter. Goldy and Wendzel (2014) reported that hairy vetch biomass contains between 
67 to 90 kg N ha-1. Also, hairy vetch can improve root system zones by reducing runoff, 
and it has higher plant P concentrations than crimson clover (Folorunso et al., 1992; 
Earhart, 1996). Austrian winter peas also known as black peas produce more than 5604 
kg ha-1 dry matter that build up organic matter, even if planted in spring in regions with 
colder climates. With the amount of dry biomass, it produced, winter peas can return 
between 101 to 168 kg N ha-1 (Sarrantonio, 1994; Singogo et al., 1996).  
Most of the studies conducted on cover crops has been primarily focused in the 
Midwest for main crop N management. In South of USA, there are limited information 
on the cover crops and nutrient management. For Louisiana, it is important to evaluate 
the effects of cover crops biomass accumulation on nutrient turnover of the main crop 
to improve the current state of knowledge on the benefits of cover cropping on different 
row crop production systems under high precipitation and mild winter growing 
conditions.  
This research was conducted with farmers in Northeast Louisiana to evaluate the 
effect of cover crops on nutrient turnover in soils under soybean–corn or cotton 
(Gossypium hirsutum) rotation to quantify the amount of plant available nutrients in 
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cover crop biomass, and the economic value of cover cropping in terms of its 
contribution to improve soil fertility levels.  
2.2 MATERIALS AND METHODS 
2.2.1 Site description, treatment structure and trial establishment 
This study was established in the fall of 2017 on producers’ fields in Northeast Louisiana: 
Site 1 (Bastrop, LA) on Gallion silt loam (74.9%) and Herbert silt loam (25.1%) soil, Site 2 (Oak 
Ridge, LA) on Herbert silt loam (22.6%), Sterlington silt loam (74.5%), and Sterlington-Herbert 
complex (2.9%) soil, and Site 3 (Sicily Island, LA) on Calhoun silt loam (25.1%) and Memphis 
silt loam (74.9%) soil (Soil Survey Staff, 2019). Louisiana’s average annual precipitation is 1586 
mm with an annual average temperature of 20.9oC. The average temperature between September 
to December was 18.8oC when cover crops were established in 2017 and 2018 (NOAA, 2019).  
Site 1 and 2 were divided into three equal sections as strip trials: cover crop 1 (section1) and 
cover crop 2 (section 3) were planted with cover crops, and native weeds were allowed to grow 
under no cover crop (section 2) treatment. Each section was further divided into 3 sections 
(replicates). At Site 1 (21 ha), cover crops 1 and 2 were planted on November 14 and 15 in 2017, 
respectively, and in 2018, both cover crops 1 and 2 were planted on December 6. At Site 2 (15 
ha), cover crops 1 and 2 were planted with cover crops on October 25, 2017 and November 29, 
2018 and one section with no cover crops. At Site 3 (6.5 ha) had one site with cover crops 
(planted on October 28, 2017 and October 28, 2018) and one without cover crops. Cover crops 
were mixed and broadcast- seeded with a PTO-broadcast spreader (FSP4000, Land Pride). 
Native weeds (also known as unseeded cover crops) were allowed to grow in both treatments 
(Table 2.1).  Cover crop biomass was collected from a 1 × 1 m2 sampling area in early spring or 
right before termination.  The aboveground biomass of all cover crop species including the  
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Table 2.1. Farmer sites and cover crops species planted (kg ha-1) in 2017 and 2018. 
 
Location Year Treatment Type Species
 
Rate (mix)® 
-----  kg ha-1 ---- 
Site 1 2017 Cover crop 1© Legume Berseem clover  7.8 
   Legume Hairy vetch  15.7 
   Cereal Black oats  5.6 
   Cereal Cereal rye  26.9 
  Cover crop 2 Legume Berseem clover  4.5 
   Legume Hairy vetch  4.5 
   Cereal Black oats  5.6 
   Cereal Cereal rye  58.2 
 2018 Cover crop 1 Legume Hairy vetch  9.0 
   Cereal Triticale  56 
   Brassica Tillage radish  2.2 
  Cover crop 2 Legume Crimson clover  3.4 
   Legume Hairy vetch  17.9 
   Cereal Black oats  23.5 
Site 2 2017 Cover crop 1 Legume Berseem clover  3.4 
   Legume Hairy vetch  4.5 
   Cereal Cereal rye  58.2 
  Cover crop 2 Legume Berseem clover  6.7 
   Legume A. Winter Pea  13.4 
   Cereal Cereal rye  23.5 
 2018 Cover crop 1 Legume Hairy vetch  20.2 
   Cereal Black oats  23.5 
   Brassica Tillage radish  2.2 
  Cover crop 2 Legume Hairy vetch  9.0 
   Cereal Triticale  56 
    Brassica Tillage radish   2.2 
Site 3 2017 Cover crop Legume Berseem clover  6.7 
   Legume Hairy vetch  9.0 
   Cereal Cereal rye  23.5 
 2018 Cove crop Legume Hairy vetch  20.2 
   Cereal Black oats  23.5 
    Brassica Tillage radish   2.2 
® Cover crop seeding rate mixed with other species in kilograms per hectare. 
© Sites planted with one cover crop species. 
 
native weeds were collected with the exception of tillage radish where the roots were also 
collected. Cover crops were separated, placed in paper bags, and processed by species, and dried 
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in an oven at 65o C. Dry weights were recorded, and each biomass sample was ground and stored 
prior to elemental composition analysis. The biomass yield was reported as the total weight (kg) 
of all cover crop species per hectare. The cover crops were terminated three-weeks prior to 
planting cash crops roughly between February and March. Cover crops and native weeds were 
terminated by herbicide application of glyphosate (Roundup Original Max, a glyphosate N-
(phosphonomethyl) glycine in the form of its potassium salt. Bayer Company, St. Louis, MO) at 
2.24 kg active ingredient (ai) ha-1.  At Site 1, corn was planted on March 19, 2018, soybean on 
April 9, 2018, and cotton on May 3, 2018.  At Site 2, corn was planted on March 14, 2018 and 
soybean on April 12, 2019. At Site 3, soybean was planted on April 16, 2018 and corn on March 
20, 2019. Cash crop harvesting was done by collecting whole plants from 2 rows (0.97 m wide) 2 
m long for corn or soybean and 2 rows x 4 m long for cotton from each replication. Harvesting 
was done on August 26, 2018 and October 3, 2019 for Site 1; August 19, 2018 and August 30, 
2019 for Site 2; and on August 28, 2018 and August 1, 2019 for Site 3 (Figure 2.1). 
 
Figure 2.1. Timeline of Soil and plant biomass sampling, and harvesting activities in 2017, 2018 
and 2019. 
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For soybean, whole plant samples were dried and weighed prior to threshing using BT14 Belt 
thresher (ALMACO company, Iowa). All the grains were collected and weighed. Grab samples 
of the stover were taken for elemental composition analysis. Weight of the stover was estimated 
based on the difference between the total plant dry weight and grain dry weight.  Whole corn 
plant samples were collected, dried, and weighed. Corn ears were separated and shelled using a 
manual hand crank thresher (MAXIMIZER® Corn Sheller). The weights of grain and stover 
(cobs, husk, stems and leaves) were recorded prior to grinding/processing using Super Handy 
Wood Chipper Shredder Mulcher Ultra Duty 7HP. For cotton, whole plant samples were 
collected and weighed for the total dry biomass yield. For each replicate, the number of plants 
and balls were counted. Post-harvest, at least sixteen core samples were taken at 0 -15 cm and 15 
-30 cm depths from each replication.  
Prior to weighing, biomass samples of both cover crops and cash crops were oven-dried at 
65o C ± 75°C for 72 hours. Dry matter was calculated as follows:  
Dry Biomass = Fresh weight – [(Fresh weight × % MC)/100] 
Where: 
% MC = moisture content in percent. 
Grain yield was calculated with adjusted moisture content using the following equation: 
Grain yield (kg ha-1) = [(Grain yield weight) / plot size in m2) × (10.000 m2 / 1 ha)] × [(100 – 
%MC) / (100 - Adjusted MC)].  
Where: 
Plot size = 1.92 m2 (soybean and corn) and 3.9 m2 (cotton). 
%MC = Moisture content of grain harvest. 
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Adjusted MC = weight adjustment moisture content at 13% for soybean grain and 15.5% for 
corn grain. 
Plant samples, i.e., cover crop biomass, grain and stover were analyzed for macronutrient (N, 
P, K, Mg, and Ca) and micronutrient (Cu, Fe, Mn, Ni, and Zn) concentrations. The amount of 
macronutrients and micronutrients contained in the plant biomass, or grain of the cover crops or 
cash crops was converted in kg ha-1 as the product of plant dry mass in kg ha-1 and nutrient 
concentration (% or mg kg-1). Nutrient removal was calculated using the following equation: 
Nutrient removed (kg ha-1) = grain (corn or soybean)/ dry biomass (cover crop or main crop) 
(kg ha-1) × nutrient content. 
Where: 
Nutrient content = % macronutrient or mg kg-1 micronutrient content for grain or plant. 
2.2.2 Soil collection and analysis 
Soil samples were collected consisting of at least sixteen core samples at 0 -15 cm and 15 -30 
cm depths that were randomly taken from each replication. Samples were mixed and dried in an 
oven at 65oC for a couple of days. The dried soil samples were ground and weighed (2 g) to 
determine the soil nutrient content based on Mehlich-3 extraction (Mehlich, 1984) procedure 
followed by inductively coupled plasma analysis (ICP). Blanks and reference samples were 
included in each batch of extraction for quality assurance. Two grams of oven-dried ground soil 
was weighed into 125 ml plastic bottles and added with 20 ml of Mehlich-3 solution. The 
samples were shaken on a reciprocal shaker at high speed and filtered using Whatman No. 42 
filter paper. Clear extract samples were poured into 10-ml tubes and analyzed for macro- and 
micronutrient concentrations using ICP.  
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2.2.3 Soil pH 
Soil pH was measured in 1:1 ratio of soil and water suspension. Here, 10 g of soil sample 
was placed into 10 ml plastic bottles and added with 10 mL distilled water. The soil suspensions 
were mixed for 5 minutes using a stirring rod or small spatula. The samples were left undisturbed 
for 15 minutes allowing the sediments to settle. Prior to use, the pH meter (AS-3010D Dual pH 
Analyser by LabFit) was calibrated with pH 7.0 and pH 4.0 buffers. The pH (of the soil) was 
measured by placing the tip of the pH reference electrodes into the soil solution without touching 
the sediment, so the tip was partially submerged in the sediment.  
2.2.4 Soil organic matter 
Soil samples (1 g) were weighed and placed into a 250 ml Erlenmeyer flask, and then added 
with 10 mL of 1 N potassium dichromate (K2Cr2O7) and 20 mL concentrated sulfuric acid 
(H2SO4). The treated samples were left for 2 hours, then 90 mL H2O was added and rested for 
sixteen hours to be in equilibrium. The spectrophotometric measurement using dip-probe 
colorimeter (BRINKMANN PC 900 Colorimeter) was done at 650 wavelengths. The organic 
matter was calculated based on Nelson and Sommers (1982) and Walkley-Black (1934) using the 
formula: 
Organic matter (%) = [reading (650 nm) x 13.5933] – 0.17546 
Where:  
Reading = absorbance reading of the samples at 650 nm 
13.5933 = factor 
0.17546 = factor 
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2.2.5 Plant tissue analysis  
The nitric acid-hydrogen peroxide (HNO3-H2O2) digestion method followed by ICP analysis 
was used for analysis of plant elemental compositions. Plant tissue samples (0.5 g) were weighed 
and placed into digestion tubes. Deionized water (2.2 mL) was dispensed into the digestion tube 
and then after 2 minutes, 5 ml of concentrated HNO3 (68 -70%) ACS reagent grade was added. 
Small glass funnels were placed on the top of the tubes before placing them digestion block with 
a starting temperature of 60o C. Every 10 minutes, the temperature was increased by 10o C until 
reaching 125o C. The samples were digested for 45 minutes at 125o C and for 50 minutes at 128o 
C. The digested samples were cooled down for 2 minutes before adding 1 ml of 30% hydrogen 
peroxide (H2O2). After 10 minutes, another 2 mL of H2O2 was dispensed into the digestion tubes; 
the samples were heated again for 30 minutes at 128o C. The digested samples were removed 
from the digestion block and cooled down to 20o C. The digested samples were mixed using a 
vortex mixer before transferring them into a 15 ml centrifuge tube. The solution was then 
brought to 12.5 ml volume with the distilled water that was used to rinse out the remaining 
digested sample in the tube. The solutions were filtered with Whatman No. 1 filter paper and 
transferred into10-ml tubes for ICP analysis. Blank and reference samples were included in each 
batch of digestion for quality assurance.  
2.2.6 Plant total N analysis  
Total leaf N content was determined using CN dry combustion method with LECO® CN628 
analyzer (St. Joseph, MI). Dried leaf samples (20 mg) were weighed into a tin foil capsule using 
an analytical microbalance (MS104TS, LANGACHER, Switzerland). The samples were loaded 
into the oven carousel. Samples were flash-combusted converting them into gaseous components 
in a quick and quantitative way. For the determination of N and C content, the bulk material was 
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converted to pure N2 and CO2 after a chromatographic column held at an isothermal temperature 
separated the N and CO2. 
2.2.7 Experimental design and statistical analysis 
The treatments (cover crops and no cover crops) were arranged in a strip trial design with 
three replications. The measured soil and plant variables were subjected to analysis of variance 
(ANOVA) using PROC MIXED in SAS 9.4 (SAS Institute, 2012) with replication as random 
effect and treatment (cover crops 1, cover crops 2 and no cover crops) as fixed effect. Least 
square means (LSD) was used to identify treatment differences. Prior to ANOVA, a Chi-square 
test of homogeneity was first carried out to determine if the data could be pooled across site-
years. Treatment means were compared using a T-test for each site-year with a level of 
significance at P < 0.05.  
2.2.8 Economic analysis  
The economic analyses were done only on site-years where treatment means were found 
significantly different at P < 0.05 level of confidence. Least square means (LSD) was used to 
identify net return differences. The cover crop costs were calculated using Cover crop decision 
tool (Microsoft Excel-Based). This tool estimates production costs of planting and agriculture 
management operations according to single or mixed cover crop species with the inclusion of 
Natural Resources Conservation Service (NRCS) incentives to conservation tillage practices and 
cover crop adoptions (Adusumilli, 2018). Crop (corn, soybean, and cotton) yields were collected 
to calculate net returns for each treatment and site (cover crops and no cover crops) in US dollar 
per hectare. Economic analyses were performed using current market prices (National 
Agricultural Statistics Service, 2019; LSU-AgCenter, 2019a) for inputs at planting and for 
outputs at the time of harvest. All cropping system costs were calculated in US dollar per hectare 
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basis for agriculture operations, fertilizer inputs and application, and herbicide inputs and 
application. Farmers owned land utilized for the three research sites, hence, costs associated with 
leasing was not incorporated. The revenue was computed as the product of the price ($) per kg 
(of grain or lint) and mean yield for each treatment. Variable production costs were estimated by 
utilizing updated crop production input price data. Crop production inputs were updated by 
obtaining prices from farm input suppliers. The total variable production cost for corn, soybean 
and cotton operations were the sum of the costs for fertilizer and herbicide application, seed, 
harvesting, and hauling costs including the cost of cover crops seeds and application (LSU-
AgCenter, 2019b). The net return for each treatment was computed as the difference between the 
revenue and the total variable costs.  
2.3 RESULTS AND DISCUSSION 
2.3.1 Climate conditions and amount of plant-available nutrient in cover crop biomass 
The cover crops were planted in October 2017 and November 2018 where the average 
temperature in October was 21.1o C for 2017 and 2018, and the average temperature in 
November was 20.6o C in 2017 and 15.6o C in 2018 (Figure 2.2). The monthly total precipitation 
in October was 51.6 mm for 2017 and 181. 6 mm for 2018, and 14 mm for 2017 and 210.8 mm 
for 2018 in November. Thus, cover crops planted received 351% and 150% higher precipitation 
in October and November in 2018 than those planted in 2017. December had low temperatures 
of 14.4o C in 2017 and 16.7o C in 2018, with precipitation of 83.3 mm in 2017 and 200.9 mm in 
2018 (Figure 2.3). 
Temperature and moisture have a large influence on cover crop growth and biomass 
accumulation. There were variations in temperature and moisture as well as other factors (soil 
type, farmer’s management practices, crop, cover crop mixes, etc.) in each of these sites. The test 
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of homogeneity indicated that the data across site-years should not be pooled. Due to differences 
in growing conditions and management practices, there were substantial differences in cover 
crop biomass produced across site-years. Site 3 in 2019 produced the highest biomass at 1,565  
 
Figure 2.2. Monthly average temperature (o C) in Northeast Louisiana in 2017, 2018 and 2019. 
Data was accessed from weather station located at the Sweet Potato Research Station in Chase, 
Louisiana.  
 
kg ha-1 across site-years followed by Site 2 in 2018 with 1,012 kg ha-1 (Cover crop 2) and Site 1 
in 2018 with 831 kg ha-1 (Cover crop 1). Site 2 in 2019 produced the lowest biomass with only 
16 kg ha-1. There were only a few site-years where cover crops were significantly different from 
no cover crop treatment in terms of biomass and nutrient uptake (Table 2.2).  
 
Figure 2.3. Monthly total precipitation (mm) in Northeast Louisiana in 2017, 2018, and 2019. 
Data was accessed from weather station located at the Sweet Potato Research Station in Chase, 
Louisiana. 
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Site 1 in 2018, the Cover crop 1 produced significantly higher biomass yields at 831 kg ha-1 
compared to Cover crop 2 and no cover crops. In addition, The Cover crop 1 N uptake at was 
significantly higher (16.21 N kg ha-1) than no cover crop treatment. In 2018 at Site 2, Cover crop 
1 has biomass yield at 885 kg ha-1 and 1,012 kg ha-1 for Cover crop 2, both of which were 
significantly higher than no cover crops biomass yields (138 kg ha-1). Also, there were 
significant differences in the amount of macronutrient recovered by cover crops compared to no 
cover crop (native weeds). Nitrogen, K, Mg, and P uptake in Cover crop 1 and 2 were 
significantly higher than no cover crops. The Cover crop 2’s Ca and S uptake were 6.43 and 1.87 
kg ha-1, respectively that there were significantly higher than Cover crop 1 and no cover crop 
treatments. In 2019 at Site 2, cover crop biomass yields and macronutrient concentrations under 
Cover crop 2 were significantly higher than Cover crop 1 and no cover crop treatments. For both 
years at Site 3, cover crop treatments produced significantly higher biomass yields and 
macronutrients recovered by biomass than the no cover crop treatment (Table 2.2). 
At Site 1 in 2018, micronutrients (Cu, Fe, and Mn) recovered by Cover crop 1 and 2 were 
significantly higher than no cover crops wherein Ni uptake was higher in Cover crop 1 than in 
Cover crop 2 and no cover crop treatments. At Site 2 in 2018, Cover crop 1 and 2 micronutrients 
uptake were significantly higher than no cover crops wherein 1.51 Ni kg ha-1 uptake in Cover 
crop 2 was significantly higher than Cover crop 1 (0.99 kg ha-1) and no cover crop (0.12 kg ha-1). 
In 2019, Cover crop 2 had higher micronutrient concentrations than Cover crop 1 and no cover 
crop. For both years at Site 3, micronutrients recovered by cover crop biomass were significantly 
higher than the no cover crop treatment (Table 2.3). Site 3 had the highest cover crop biomass 
accumulation in 2018 (1,565 kg ha-1) compared to Site 1 and Site 2, subsequently resulted in 
significant higher macronutrients and micronutrients recovered (Table 2.2 and 2.3).  
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Table 2.2. Biomass yield and macronutrient recovered under cover crop and no cover crop treatments at three sites in Northeast 
Louisiana in 2018 and 2019. 
Location Year Treatment  Biomass N Ca K Mg P S 
   --------------------------------- kg ha-1 ---------------------------------- 
Site 1 2018 Cover crop 1∞ 831A 16.21A 2.63A 10.31A 0.82A 1.69A 0.91A 
  Cover crop 2 529B 10.51AB 3.25A 12.85A 1.00A 1.86A 0.99A 
  No cover crop© 356B 5.86B 3.36A 10.08A 0.69A 1.13A 0.62A 
  P value£ 0.01 0.01 0.72 0.69 0.42 0.20 0.29 
 2019 Cover crop 1 337A 6.27A 2.28
A 12.33A 0.87A 1.32A 0.57A 
  Cover crop 2 569A 10.74A 5.47A 19.64A 2.15A 2.13A 1.16A 
  No cover crop 487A 8.02A 2.98A 15.25A 1.12A 1.62A 0.65A 
  P value 0.61 0.39 0.24 0.57 0.15 0.51 0.09 
Site 2 2018 Cover crop 1 885A 26.36A 4.35B 16.73A 1.10A 3.38A 1.15B 
  Cover crop 2 1012A 22.42A 6.43A 21.82A 1.52A 4.26A 1.87A 
  No cover crop 138B 3.49B 1.33C 4.57B 0.35B 0.63B 0.23C 
  P value 0.001 0.001 0.0005 0.0003 0.0007 0.0001 0.0003 
 2019 Cover crop 1 16B 0.18B 0.10B 0.74B 0.04B 0.08B 0.05B 
  Cover crop 2 141A 4.14A 1.26A 4.53A 0.30A 0.62A 0.35A 
  No cover crop 0B 0.00B 0.00B 0.00B 0.00B 0.00B 0.00B 
  P value 0.004 0.002 0.002 0.003 0.003 0.002 0.002 
Site 3 2018 Cover crop 895A 25.90A 5.49A 30.91A 1.46A 5.67A 2.12A 
  No cover crop 225B 5.71B 4.69B 5.99B 0.53B 1.14B 0.47B 
  P value 0.002 0.009 0.52 0.004 0.001 0.001 0.007 
 2019 Cover crop 1565A 37.53A 18.85A 84.05A 3.56A 6.89A 4.83A 
    No cover crop 458B 11.27B 5.96B 20.89B 1.43B 1.96B 1.01B 
  P value 0.006 0.004 0.001 0.01 0.01 0.006 0.008 
© No cover crops consisted of the native weeds. 
∞ Sites 1 and 2 had two cover crop treatments (1 and 2) and one no cover crop. 
£ Values with different letter were significantly different for each site-year by Fisher LSD at P < 0.05. 
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Table 2.3. Micronutrient content of biomass in cover crops and no cover crop treatments at three sites in Northeast Louisiana in 2018 
and 2019. 
Location Year Treatment Cu Fe Mn Ni Zn 
   ----------------------- g ha-1 -------------------- 
Site 1 2018 Cover crop 1∞ 5.86A 1895A 80A 1.97A 14.5A 
  Cover crop 2 5.12A 1122AB 53A 1.03B 11.8A 
  No cover crop© 3.01B 847B 28B 1.05B 8.5A 
  P value£ 0.02 0.07 0.003 0.01 0.249 
 2019 Cover crop 1 2.31A 896A 51A 0.54A 16.6 
  Cover crop 2 4.34A 3963A 121A 1.84A 26.8 
  No cover crop 3.11A 2217A 73A 1.07A 19.7A 
  P value 0.50 0.27 0.40 0.33 0.54 
Site 2 2018 Cover crop 1 4.51A 426A 105A 0.99B 28.3A 
  Cover crop 2 4.81A 595A 110A 1.51A 36.5A 
  No cover crop 0.65B 48B 7B 0.12C 4.3B 
  P value 0.0001 0.0004 0.002 0.0001 0.0002 
 2019 Cover crop 1 0.26AB 16B 2B 0.07B 1.5B 
  Cover crop 2 0.60A 124A 20A 0.16A 5.7A 
  No cover crop 0.00B 0.00B 0.00B 0.00C 0.00B 
  P value 0.006 0.004 0.011 0.003 0.002 
Site 3 2018 Cover crop 8.23A 384A 154A 2.54A 29.6A 
  No cover crop 3.05B 188B 47B 0.46B 9.3B 
  P value 0.003 0.03 0.001 0.001 0.01 
 2019 Cover crop 5.31A 1084A 275A 2.51A 62.2A 
    No cover crop 2.53B 652B 96B 0.69B 23.3B 
  P value 0.02 0.30 0.001 0.009 0.006 
© No cover crops consisted of the native weeds. 
∞ Sites 1 and 2 had two cover crop treatments (1 and 2) and one no cover crop. 
£ Values with different letter were significantly different for each site-year by Fisher LSD at P<0.05. 
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Probably, the high biomass accumulation was related to good climate conditions favoring 
plant growth such as warm temperature (16.7o C) and abundant moisture (precipitation 200.9 
mm) in 2018 compared with the temperature (14.4o C) and precipitation (83.3 mm) in 2017 
(Figure 2.2 and 2.3). Furthermore, cover crops were planted in October at Site 3, several weeks 
ahead of the planting at Site 1 (December) and Site 2 (November) in 2018, which contributed to 
increased plant growth and early establishment of cover crops for ground competition against 
native weeds. 
2.3.2 Changes on the level of plant-available nutrients with and without cover cropping 
The soil organic matter (SOM) content at Site 1 had an increasing trend over time for 
both depths (0 -15, 15-30 cm) and significant differences between cover crops and no cover 
crops (P < 0.01) (Table 2.4). Soil organic matter at lower depth (15-30 cm) was than the soil the 
surface (0-15 cm); this is common since is the site of organic material incorporation. At harvest 
in 2019, SOM content significantly increased in reference to initial SOM with more evident 
difference in plots with cover crops due to cumulative amount of biomass incorporated since 
2017. The SOM content in the cover crops treatment was higher by 6.2 % at 0 -15 cm and 7.6 % 
at 15-30 cm than the no cover crop treatment (P < 0.0001) (Figure 2.4).  
The initial soil pH values were different between the treatments at both depths followed by a 
sharp decline before cover crop termination in the following year (P < 0.03) (Table 2.4). The pH 
began increasing in spring 2018 until main-crop harvest in the fall with diminishing differences 
between treatments and depths. In the spring, summer, and fall in 2019, the soil pH ranged from 
5.9 to 6.16 between the treatments and depths, then a slight separation of pH between cover crop 
and no cover crop treatments occurred after harvest in 2019 (P < 0.03). The sharp decline in pH 
in early spring can be partly attributed to exudates released from the roots of cover crops and 
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Table 2.4. P-values for soil organic matter, pH, and soil macronutrients between cover crops and no cover crop treatments at 0 – 15 
cm depth from 2017 to 2019 at three sites in Northeast Louisiana. 
Location Sources of variation OM pH Ca K Mg P S 
  ---------------------------- P values --------------------------- 
Site 1 Timing® 0.0001 0.0001 0.030 0.0001 0.0002 0.0001 0.0001 
 Depth© 0.0001 0.188 0.766 0.0009 0.254 0.0001 0.0001 
 Treatment€  0.012 0.037 0.0002 0.0004 0.081 0.344 0.442 
 Depth × Treatment 0.806 0.305 0.843 0.722 0.899 0.508 0.730 
         
Site 2 Timing 0.0001 0.0001 0.001 0.0002 0.331 0.119 0.0001 
 Depth 0.0001 0.0207 0.235 0.0001 0.773 0.0001 0.0003 
 Treatment 0.016 0.785 0.819 0.0003 0.103 0.036 0.194 
 Depth × Treatment 0.131 0.792 0.099 0.102 0.134 0.931 0.736 
         
Site 3 Timing 0.0001 0.0001 0.019 0.0001 0.0001 0.0001 0.0001 
 Depth 0.0001 0.0001 0.554 0.0001 0.592 0.001 0.034 
 Treatment 0.070 0.731 0.944 0.220 0.069 0.154 0.591 
  Depth × Treatment 0.739 0.098 0.087 0.005 0.003 0.920 0.699 
® Timing included cover crop planting, biomass collection, mid-season main crop, and main-crop harvesting in 2017, 2018, and 2019 (Figure 2.1).  
© Soil sample were collected at 0 – 15 cm depth with sixteen sub-soil samples for each site-year. 
€ Treatments were cover crops mixture and no cover crops (native’s weeds). 
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native weeds along with losses of base cations via leaching which was more evident in no cover 
crop treatment (Figure 2.5). 
 
Figure 2.4. Trend of soil organic matter content at 0-15 and 15-30 cm depth over time in plots 
with cover crops and no cover crop treatments for Site 1, Morehouse Parish, LA from 2017 to 
2019. Sampling time with different uppercase letters were significantly different by Fisher LSD 
at P < 0.05. 
 
 
Figure 2.5. Trend of soil pH at 0-5 and 15-30 cm depth over time in plots with cover crops and 
no cover crop treatments for Site 1, Morehouse Parish, LA from 2017 to 2019. Sampling time 
with different uppercase letters were significantly different by Fisher LSD at P < 0.05. 
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Soil Ca was significantly different between cover crop and no cover crop treatments in 0-15 
cm and 15-30 cm depth (P < 0.0002) (Table 2.4). After cash crop harvesting in fall 2019, the 
cover crop treatment had higher soil Ca than the no crop treatments by 43% (818 Ca mg kg-1) at 
0-15 cm and 48% (1,024 Ca mg kg-1) at 15-30 cm compared to no cover crop treatment with 
1,064 Ca mg kg-1 at 0-15 cm and 1,087 Ca mg kg-1 at 15-30 cm depths. An evident reduction was 
observed in soil Ca at the termination of cover crops in February 2018 whereas an increase in 
soil Ca was observed for no cover crop treatment. Immediately following this, the soil Ca 
between cover crop and no cover crop treatment began to separate carrying this over until main 
crop harvest in 2019. In addition, the soil Ca started to increase in February 2019 with a faster 
rate in cover crop treatment than no cover crop. The most recent values were marked around 
2,000 mg kg-1 for cover crop treatment and 900 mg kg-1 for no cover crop treatment (Figure 2.6). 
 
Figure 2.6. Trend of soil calcium at 0-15 and 15-30 cm depth over time in plots with cover crops 
and no cover crop treatments for Site 1, Morehouse Parish, LA from 2017 to 2019. Sampling 
time with different uppercase letters were significantly different by Fisher LSD at P < 0.05. 
 
Soil K ranged from 100 to 150 kg mg-1 with and without cover crop treatments in fall 2017. 
The trend showed significant increases and decreases over time (P < 0.0001) with a separation 
between the treatment occurring after main crop harvest in 2019 with higher soil K values for 
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cover crop treatment at 220 mg kg-1 at 0-15 cm and 200 mg kg-1 at 15 -30 cm than no cover crop 
treatment with only 132 mg kg-1 at 0-15 cm and 111mg kg-1 at 15-30 cm (P < 0.0004) (Figure 
2.7). 
Soil Mg levels started with significantly high concentrations in fall 2017 and drastically 
decreased at cover crop termination in 2018. Following this was steadier soil Mg values between 
treatments and depths until the main crop harvest in 2019 (P < 0.0002). At this time, the cover 
crop treatments had soil Mg concentrations of 290 mg kg-1 at 0-15 cm, and 308 mg kg-1 at 15-30 
cm which were higher than the no cover crop treatment levels at 172 mg kg-1 at 0-15 cm and 167 
mg kg-1 at 15-30 cm depths (Figure 2.8).  
 
Figure 2.7. Trend of soil potassium at 0-15 and 15-30 cm over time in plots with cover crops and 
no cover crop treatments for Site 1, Morehouse Parish, LA from 2017 to 2019. Sampling time 
with different uppercase letters were significantly different by Fisher LSD at P < 0.05. 
 
The soil P level was significantly the lowest (10 – 45 mg kg-1) at the initiation of this study 
then increased reaching a peak after harvest in 2018 with soil test values >120 mg kg-1 from the 
cover crop treatment at 0-15 cm. A slight reduction in soil test P followed during the cover crop 
termination in 2019, then the trend increased until main-crop harvest in the fall of 2019 with soil 
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P of 125 P kg ha-1 at 0-15 cm and 128 kg ha-1 at 15-30 cm (cover crop) (P < 0.0001). It is 
important to note that just like other macronutrients, soil P levels between cover crop and no 
cover crop treatments began to separate as the study approached the main crop harvest in 2019 
(Figure 2.9).  
 
Figure 2.8. Trend of soil magnesium at 0-15 and 15-30 cm depth over time in plots with cover 
crops and no cover crop treatments for Site 1, Morehouse Parish, LA from 2017-2019. Sampling 
time with different uppercase letters were significantly different by Fisher LSD at P < 0.05. 
 
 
Figure 2.9. Trend of soil phosphorus at 0-15 and 15-30 cm depth overtime in plots with cover 
crops and no cover crop treatments for Site 1, Morehouse Parish, LA from 2017 to 2019. 
Sampling time with different uppercase letters were significantly different by Fisher LSD at P < 
0.05. 
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Soil S levels were the lowest when cover crops were established in fall 2017 study and then 
increased during the active growth stage of the main crop and continued to be steady until main-
crop harvest in fall 2019 (P < 0.0001) (Figure 2.10). There was no clear separation of soil S 
levels between cover crop and no cover crop treatments but prior to this stage, cover crop 
treatment maintained an elevated soil S level at the 0-15 cm depth compared with the no cover 
crop treatment.  
Soil S concentration at 0-15 cm depth in the cover crop treatment peaked to 129 P mg kg-1 
after harvesting row crops in the fall 2018. A reduction in soil S that followed in spring 2019 was 
likely due to cover crops removal. An increased level of soil in fall 2019 at 121 P mg kg-1 was 
from the release of S from biomass of cover crops that were terminated a few months back. Soil 
available S at 0-15 cm with and without cover crops in 2017 had a concentration of 10 S mg kg-1 
wherein the no cover crop treatment peaked at 22 S mg kg-1 in summer 2018. Following this, all 
treatments increased soil S concentration until the harvesting in the fall of 2019, where cover 
crop and no cover crop treatments at 0-15 cm was 15 and 14 S mg kg-1, respectively (Figure 2.9 
and 2.10).  
At the Site 2, the SOM content increased over time with 15-30 cm depth having lower SOM 
content than the 0-15 cm depth. In the fall of 2019, the SOM at 0-15 cm was 1.34 % for both 
cover crop and no cover crop treatments (P < 0.0001). This was 40% and 33% higher than the 
SOM in the cover crop and no cover crop treatments, respectively measured in fall 2019 (Figure 
2.11). Site 2 started with 6 to 6.4 pH in the fall of 2017 followed with an almost steady soil pH 
value until after harvesting of row crops in the fall of 2018. Afterwards, the pH steadily declined 
wherein by the time of harvesting in 2019 the soil pH for both treatments and depths was around 
5 compared to the initial pH of ~ 6.2 (P < 0.0001) (Figure 2.12).  
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Figure 2.10. Trend of soil sulfur at 0-15 and 15-30 cm depth over time in plots with cover crops 
and no cover crop treatments for Site 1, Morehouse Parish, LA from 2017 to 2019. Sampling 
time with different uppercase letters were significantly different by Fisher LSD at P < 0.05. 
 
 
 
Figure 2.11. Trend of soil organic matter content at 0-15 and 15-cm depth over time in plots with 
cover crops and no cover crop treatments for Site 2, Morehouse Parish, LA from 2017 to 2019. 
Sampling time with different uppercase letters were significantly different by Fisher LSD at P < 
0.05. 
 
 
42 
 
 
Figure 2.12. Trend of soil pH at 0-15 and 15-30 cm depth in plots with cover crops and no cover 
crop treatments for Site 2, Morehouse Parish, LA from 2017 to 2019. Sampling time with 
different uppercase letters were significantly different by Fisher LSD at P < 0.05. 
 
 Soil Ca significantly decreased following the February 2018 termination for both cover 
crop and no cover crop treatments at the two depths. At 0-15 cm depth, cover crop treatment 
started with 571 Ca mg kg-1 in the fall 2017 and decreased to 504 Ca mg kg-1 in the fall of 2019, 
and no cover crop treatments started with 602 Ca mg kg-1 and decreased with 446 Ca mg kg-1 
(Figure 2.13). After cash crop harvesting in fall 2019, the cover crop treatment had higher soil 
Ca (504 Ca mg kg-1 at 0-15 cm and 443 Ca mg kg-1 at 15-30 cm) than no cover crop treatment (P 
< 0.0013). 
 Soil K began separating between cover crop and without cover crop treatments in fall 
2017 (P < 0.0001). The trend showed significantly fluctuations (increases and decreases) on soil 
K values over time (P < 0.0002) with an evident separation between the treatment occurring after 
main crop harvest in 2019. The soil K for cover crop treatment was 111 mg kg-1 at 0-15 cm and 
65 mg kg-1 at 15 -30 cm compared with the no cover crop treatments with only 87 mg kg-1 at 0-
15 cm and 56 mg kg-1 at 15-30 cm (Figure 2.14). 
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Figure 2.13. Trend of soil calcium at 0-15 and 15-30 cm depth over time in plots with cover 
crops and no cover crop treatments for Site 2, Morehouse Parish, LA from 2017 to 2019. 
Sampling with different uppercase letters were significantly different by Fisher LSD at P < 0.05. 
 
 
 
Figure 2.14. Trend of soil potassium at 0-15 and 15-30 cm over time in plots with cover crops 
and no cover crop treatments for Site 2, Morehouse Parish, LA from 2017 to 2019. Sampling 
time with different uppercase letters were significantly different by Fisher LSD at P < 0.05. 
 
Soil Mg started with steady levels until Spring 2019 and then has slight fluctuations until the 
main crop harvesting in 2019. The Soil Mg concentrations were different between depths but not 
between cover crops and no cover crop treatments. The soil Mg levels were 63 mg kg-1 at 0-15 
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cm with and without cover crops, and 52.7 mg kg-1 at 15-30 cm for cover crops and 49.8 mg kg-1 
at 15-30 cm for no cover crop treatments (Figure 2.15).  
Figure 2.15. Trend of soil magnesium 0-15 and 15-30 cm over time in plots with cover crops and 
no cover crop treatments for Site 2, Morehouse Parish, LA from 2017 to 2019. Sampling time 
with different uppercase letters were significantly different by Fisher LSD at P < 0.05. 
The average soil P levels across sampling dates were generally steady. Starting at the harvest 
of main crop in 2018, the differences in soil P was more evident between depths and treatments 
where the cover crop treatment and 0-15 cm depth has higher level than no cover crop treatment 
and the 15-30 cm depth, respectively. In 2019 after harvesting the main crop, the soil P levels 
were 73.4 mg kg-1 at 0-15 cm, and 54.5 mg kg-1 at 15-30 cm for cover crops treatment and 55 mg 
kg-1 at 0-15 cm, and 42.8 mg kg-1 at 15-30 cm for no cover crop treatment (Figure 2.16). 
Soil S at the 0-15 and 15-30 cm depth with and without cover crops in 2017 had a narrow 
range of concentration (9 - 11 S mg kg-1). The sampling time which recorded the lowest average 
soil S level was in February 2018 (P < 0.0001) (Figure 2.17). This was the day prior to cover 
crops termination, a period that was likely the cover crops have removed majority of the 
nutrients from the soil, including S. 
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Figure 2.16. Trend of soil phosphorus at 0-15 and 15-30 cm depth over time in plots with cover 
crops and no cover crop treatments for Site 2, Morehouse Parish, LA from 2017 to 2019. 
Sampling time with different uppercase letters were significantly different by Fisher LSD at P < 
0.05. 
 
 
Figure 2.17. Trend of soil sulfur 0-15 and 15-30 cm depth over time in plots with cover crops 
and no cover crop treatments for Site 2, Morehouse Parish, LA from 2017 to 2019. Sampling 
time with different uppercase letters were significantly different by Fisher LSD at P < 0.05. 
 
 
Regardless of treatments and depth soil S concentration increased following cover crop 
termination in 2017 until the harvesting in fall 2019. At the harvest of main crop in 2019, the 
cover crop and no cover crop treatments recorded soil S levels (0-15 cm) at 15.4 and 14.6 S mg 
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kg-1, respectively. At Site 3, the SOM content increased over time with 0-15 cm depth with and 
without cover crops having higher SOM content than the 15-30 cm depth (P < 0.0001) (Figure 
2.18). In the fall of 2019, the SOM at 0-15 cm was 1.84 % for both cover crops and no cover 
crop treatments. This was 25% and 38% significantly higher than the SOM in fall 2017 with 
cover crops and no cover crop treatments, respectively. 
 
Figure 2.18. Trend of soil organic matter at 0-15 and 15-30 cm depth over time in plots with 
cover crops and no cover crop treatments for Site 3, Catahoula Parish, LA from 2017 to 2019. 
Sampling time with different uppercase letters were significantly different by Fisher LSD at P < 
0.05. 
 
Site 3 started with 6.2 to 6.4 soil pH in the fall of 2017 followed with an almost steady soil 
pH value until after harvesting of row crops in the fall of 2018. Afterwards, the pH declined 
which by the time of harvesting in 2019 the soil pH for both treatments and depths was around 5 
compared to the initial pH of ~ 6.2 (P < 0.0001) (Figure 2.19). 
Soil Ca at the 0-15 cm depth under cover crop treatment started with 1217 Ca mg kg-1 in the 
fall of 2017 and decreased to 1170 Ca mg kg-1 in the fall of 2019. The no cover crop treatment 
started with 1043 Ca mg kg-1 and decreased to 1088 Ca mg kg-1 (P < 0.01). After cash crop 
harvesting in fall 2019, the cover crop treatments for both depths had a soil Ca (1170 Ca mg kg-
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1) at 0-15 cm and (946 Ca mg kg-1) 15-30 cm than the no crop treatment (1088 Ca mg kg-1 and 
869 Ca mg kg-1) (Figure 2.20). 
 
Figure 2.19. Trend of soil pH at 0-15 and 15-30 cm depth over time in plots with cover crops and 
no cover crop treatments for Site 3, Catahoula Parish, LA from 2017 to 2019. Sampling time 
with different uppercase letters were significantly different by Fisher LSD at P < 0.05. 
 
 
 
Figure 2.20. Trend of soil calcium at 0-15 and 15-30 cm depth over time in plots with cover 
crops and no cover crop treatments for Site 3, Catahoula Parish, LA from 2017 to 2019. 
Sampling time with different uppercase letters were significantly different by Fisher LSD at P < 
0.05. 
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Soil K began to separate between cover crops and no cover crops treatment in fall 2017. The 
trend shows significant differences between depths and treatments throughout the study period 
with an overall steady decline in soil K after the peak in May 2018; the trend continued to 
decrease until main-crop harvesting in 2019 (P < 0.0001). At the main crop harvest in 2019 
higher soil K values were recorded for cover crop at 84 mg kg-1 at 0-15 cm, and 66 mg kg-1 at 
15-30 cm than the no cover crop treatment (Figure 2.21). Soil Mg started with its highest 
concentrations (fall 2017) throughout the study period at an average value around 100 mg kg-1. 
The lowest soil Mg occurred after the harvest of main crop in 2018 and 2019 (P < 0.0001). 
However, there was not significantly difference in soil Mg values between treatments and 
depths. At the last sampling date (2019 main crop-harvest), the average soil Mg level at 0-15 cm 
depth was 68 mg kg-1 and 55 mg kg-1 at 15-30 cm (Figure 2.22).  
 
Figure 2.21. Trend of soil potassium at 0-15 and 15-30 cm depth over time in plots with cover 
crops and no cover crop treatments for Site 3, Catahoula Parish, LA from 2017 to 2019. 
Sampling time with different uppercase letters were significantly different by Fisher LSD at P < 
0.05. 
 
49 
 
 
Figure 2.22. Trend of soil magnesium at 0-15 and 15-30 cm depth over time in plots with cover 
crops and no cover crop treatments for Site 3, Catahoula Parish, LA from 2017 to 2019. 
Sampling time with different uppercase letters were significantly different by Fisher LSD at P < 
0.05. 
 
Soil P levels between cover crops and no cover crop treatments began to separate in fall 2017 
(Figure 2.23). This trend was maintained as the study approached the main crop harvest in 2019 
(P < 0.001). At this time, the soil P levels were 78 mg kg-1 at 0-15 cm, and 51.9 mg kg-1 at 15-30 
cm for cover crops and 85 mg kg-1 at 0-15 cm, and 69 mg kg-1 at 15-30 cm for no cover crop 
treatments (Figure 2.23).  
Soil S at 0-15 cm in 2017 was at 11.9 S mg kg-1 for cover crops and 9 mg kg-1 for no cover 
crops (Figure 2.24). Soil S was relatively steady during the early part of the study then began to 
rise fall of 2018. It was only in summer 2019 where differences in soil S began to occur between 
depths wherein the 15-30 cm depth of the no cover crop treatment recorded the lowest value at 
15 mg S kg-1 in fall 2019, cover crop and no cover crop treatments at 0-15 cm averaged 16 mg S 
kg-1 whereas the 15-30 cm depth had 14 mg S kg-1 (Figure 2.24).  
50 
 
 
Figure 2.23. Trend of soil phosphorus at 0-15 and 15-30 cm depth over time in plots with cover 
crops and no cover crop treatments for Site 3, Catahoula Parish, LA from 2017 to 2019. 
Sampling time with different uppercase letters were significantly different by Fisher LSD at P < 
0.05. 
 
 
Figure 2.24. Trend of soil sulfur at 0-15 and 150-30 cm depth over time in plots with cover crops 
and no cover crop treatments for Site 3, Catahoula Parish, LA from 2017 to 2019. Sampling time 
with different uppercase letters were significantly different by Fisher LSD at P < 0.05. 
 
The soil macronutrients concentrations highly varied across sites due to differences in soil 
types, farm management practices, cover crop rates and species. There were fluctuations of soil 
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micronutrients concentrations over time, but those were minor. Nevertheless, separation in terms 
in concentrations between cover crops and no cover crops occurred after the main crop harvest in 
2019.  
Climate influences both crop production and nutrient management practices. Extreme 
precipitation and temperature conditions may negatively impact crop production and yield 
(Powell and Reinhard, 2016). Cover crop selection based on geographic location and climate is 
an essential component of conservation tillage practices to promote soil health and crop 
productivity. At Site 3, cover crop in 2019 had higher biomass yield compared to the other sites, 
and it could be related to high temperature and precipitation in 2019.  
The cover crop mixtures used in this study had more combinations of grasses + legumes than 
grasses + legumes + brassicas. According to Igue (1984), grasses species of cover crop has high 
root volumes which can improve soil porosity, water, and nutrient availability. While legumes 
have lower biomass yields, the C: N ratios being low as well than grasses favors mineralization 
(or release) of N for plant use (Silva et al., 2006). The biomass yields and nutrient composition 
of cover crop mixtures is also influenced by environmental conditions, stage of growth, species, 
and soil fertility. Similarity, cover crop residue decomposition depends on temperature, water 
content, physical and chemical soil properties, residue amounts, C: N ratios, and soil 
microorganisms (Karlen and Cambardella, 1996). In this experiment, cover crop mixtures had 
more biomass produced than no cover crop (native weeds) across sites. Eventually this will build 
up SOM and increase nutrients availably for crop uptake.  
In general, the N accumulated in biomass under the cover crop treatment was higher than in 
the no cover crop treatments mainly because most of the cover crops mixtures were used 
legumes. Zandvakili et al. (2017) reported that no cover crop treatment had lower N recovered 
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than any cover crop treatment. Planting mixed cover crops can recover wider variety of plant-
essential nutrients compared to single cover crop species (Myers et al., 1994). At Site 2, the Ca, 
S, and Ni concentrations recovered by cover crops were significantly different between Cover 
crop 1 and 2 in 2018. In addition, all macronutrients were significantly different between cover 
crops mixtures in 2019. However, the cover crop biomass yield in 2019 for Site 2 were lower 
compared to 2018, probably due to effect of residual herbicides. Herbicides were applied after 
the row crop was harvested in 2018 to control winter weeds. Nutrients recovered by cover crops 
were dependent on both dry biomass yield and nutrient concentrations. Ultimately, management 
practices and the qualities of cover crop biomass (e.g. C: ratio, fiber content, size) play important 
roles on the soil nutrient balance under cover cropping system.  
Soil OM increased over time at the three sites when cover crops were planted during the 
fallow period of this two-year research project. Other studies demonstrated organic C increased 
over time when cover crops were planted in continuous years and also increased N availability 
when legumes were mixed with other cover crops (Mazzoncini et al., 20011; Poeplau and Don, 
2015). Soil pH decreased slightly with time for the three sites during the two-year period, 
whereas soil P levels increased over time with evident separation between cover crops and no 
cover crops at the 2019 main crop harvest (Figure 2.9). Soil P forms included the precipitated 
orthophosphates (H2PO4
-), and soluble and insoluble organic P esters such as inositol phosphate, 
phospholipids, and nucleic acids. To enhance the bioavailability of these insoluble forms of P 
plant release root exudates (organic acids) and H+ that eventually reduce the soil pH (Park et al., 
2011; Gibson and Mitchell, 2004).  
Borkert et al. (2003) found that the diversity of cover crop species can provide availability of 
a wide array of nutrients positively impacting crop (main) yields. As indicated, cover crop 
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mixtures have different nutrient absorption efficiency and demand, and biomass production 
potential hence different amounts of nutrient recovery. Menezes and Leandro (2004) had similar 
findings on the specific effects on nutrient availability of different cover crops species. 
2.3.3 Economic analysis on cost production for the cropping system  
In the economic analysis, cover crop mixture costs were estimated according to seed rate for 
all sites-years. Site 1 with Cover crop 1 in 2017 and 2018 had the highest seed costs and it had 
lower cost of seed rates (56 kg ha-1) compared to Cover crop 2 (72.8 kg ha-1) in 2017 (Table 2.5). 
For the cover crops, berseem clover and hairy vetch were more expensive at $3.16 and $2.4 kg 
ha-1, respectively, compared to other cover crop species. National Resources Conventional 
Service (NRCS) incentives under conventional tillage system were the same across site-years 
with the price for adopting cover cropping in fallow period at $141 ha-1.  
Corn production costs were higher with $1,177.5 ha-1 than soybean ($965.9 ha-1) and cotton 
($1,508.6 ha-1). Cotton production had higher herbicide/insecticide and application costs at $541 
ha-1 compared to corn at $218.5 ha-1 and soybean at 503.1 ha-1 because cotton had more 
insecticide applications than soybean and corn (Table 2.6).  
Soybean production had the lowest fertilizer and application costs with only $115.7 ha-1 
compared to corn with $341.1 ha-1 and cotton with $323 ha-1. The cost of production included 
seed, fertilizer, herbicide, field operation, and application costs without considering irrigation 
costs and land rental (Table 2.6).  
The economic analysis was based on the cropping system by corn-soybean, soybean-corn, 
corn-cotton, and soybean-cotton average net returns with and without cover crop treatments in 
2018 and 2019. The net return for soybean-corn was significantly higher under cover crops with 
NRCS incentives  ($1,943.5 ha-1) and, no cover crop without NRCS incentives ($2,370.4 ha-1)    
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 Table 2.5. Cost∞ of cover crops by species for 2017 and 2018 at three sites in the Northeast Louisiana. 
Location Treatment Year 
Crimson 
clover 
Berseem 
clover 
Hairy 
vetch 
Cereal 
rye 
Black 
oats 
Tillage 
radish 
A. 
Winter 
pea 
Triticale 
Total 
rate 
Total cost 
   ---------------------------------------------   kg ha-1   -------------------------------------------  US$ ha-1  
Site 1 Cover crop 1 2017 - 7.8 15.7 26.9 5.6 - - - 56.0 195.1 
 Cover crop 2 2017 - 4.5 4.5 58.2 5.6 - - - 72.8 148.4 
 Cover crop 1 2018 - - 9.0 - - 2.2 - 56 67.2 164.5 
 Cover crop 2 2018 3.4 - 17.9 - 23.5 - - - 44.8 152.4 
             
Site 2 Cover crop 1 2017 - 3.4 4.5 58.2 - - - - 66.1 134.8 
 Cover crop 2 2017 - 6.7  23.5 - - 13.4 - 43.7 134.2 
 Cover crop 1 2018 - - 20.2 - 23.5 2.2 - - 45.9 157.9 
 Cover crop 2 2018 - - 9.0 - - 2.2 - 56 67.2 157.1 
             
Site 3 Cover crop  2017 - 6.7 9.0 23.5 - - - - 39.2 151.5 
  Cover crop  2018  -  - 20.2  - 23.5 2.2  - - 45.9 160.8 
∞ Price of cover crops: berseem clover was $3.2 kg ha-1, hairy vetch was $2.4 kg ha-1, black oat was $0.38 kg ha-1, cereal rye was $0.52 kg ha-1, triticale was 
$0.38 kg ha-1, tillage radish was $2.35 kg ha-1, a. winter pea was $0.43 kg ha-1, crimson clover was $1.79 kg ha-1. 
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Table 2.6. Resources use and estimated costs for field operations for cropping systems in 
Louisiana without irrigation in 2018 and 2019. 
 Cropping systems 
Inputs cost Corn Soybean Cotton 
 ------------------------------   US$ ha-1  ------------------------ 
Fertilizer 305.2 94.2 291.5 
Application Cost 35.9 21.5 31.5 
    
Herbicide/Insecticide® 141.9 409.2 417.5 
Application Cost 76.6 93.9 123.5 
    
Field Operations 344.6 160.8 407.6 
    
Seed/Technology Fee 273.4 186.2 237.0 
    
Total 1,177.6 965.9 1,508.6 
® Cover crops were stablished in fallow for each site and replication before any cropping system. Herbicide 
application cost when cover crop were terminated was for corn $57.6 ha-1, soybean $42.5 ha-1, and cotton $36.1 
ha-1. 
 
 than cover crops without NRCS incentives ($1,521.8 ha-1) (P < 0.03). However, the net returns 
between cover crops with NRCS and no cover crop without NRCS incentives were not 
significantly different (P < 0.09) (Figure 2.25). The net return for corn-soybean was significantly 
higher with NRCS incentives under Cover crop 1 with $1,672.9 ha-1, and Cover crop 2 with 
$1,618.9 ha-1, and no cover crops with $1,545.6 ha-1 than without NRCS incentives under Cover 
crop 1 ($1,251.7 ha-1) and Cover crop 2 ($1,197.2 ha-1) (P < 0.03) (Figure 2.26). The net return 
for soybean-cotton and corn-cotton were not significantly different between cover crops and no 
cover crop treatments with and without NRCS incentives (P < 0.09). Without NRCS incentives 
in consideration, soybean-cotton and corn-cotton net returns with cover crop treatments were 
$1,868 ha-1 and $1,851.8 ha-1, and no cover crop was $1,948.5 ha-1 and $2,070.2 ha-1, 
respectively. However, when NRCS incentives were considered soybean-cotton and corn-cotton 
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net returns were 18% (or $341.40 ha-1) and 28% (or $421.70 ha-1) higher than average net returns 
for soybean-cotton and corn-cotton cropping systems, respectively (Figure 2.27). 
 
Figure 2.25. Cover cropping impact on net return in dollars per hectare for soybean-corn rotation 
at Site 3 in 2018 and 2019. 
 
 
Figure 2.26. Cover cropping impact on net return in dollars per hectare for corn-soybean rotation 
at Site 2 in 2018 and 2019. 
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Figure 2.27. Cover cropping impact on net return in dollars per hectare for soybean- cotton and 
corn-cotton rotation at Site 1 in 2018 and 2019. 
 
Cover cropping affects soil health and nutrient cycling. Therefore, an essential component of 
sustainable crop production system. For soybean-corn or corn-soybean cropping systems 
incorporating cover crops was economically beneficial with NRCS incentives of $141 ha-1 
compared to cropping systems without cover crops. Soybean and corn-cotton cropping systems 
had better net returns when cover crops were planted with NRCS incentives than cropping 
systems without cover crops. 
2.4 CONCLUSION 
This study demonstrated that growing conditions can impact the benefit of cover cropping on 
soil fertility and productivity. Site(s) and year with warm temperature and high well-distributed 
precipitation had recorded better cover crop growth biomass yield.  The amount of nutrients 
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recovered from the soil had strong relationships with cover crops biomass accumulation. The 
nutrients turned over to the soil was dependent on the cover crops species and biomass yield. 
This study demonstrated that cover cropping can recover nutrients that would have been lost 
from the soil during the fallow period and that as the cover crop biomass decomposes both 
nutrients availability and OM content of soil increased. There was a declining trend in soil pH 
indicating a good liming program should be implemented with cover cropping. Additionally, 
cropping systems that included cover crops during the fallow period indicates a not net loss in 
returns when NRCS incentives were included in the agriculture operation.     
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CHAPTER 3 
EVALUATE THE IMPACT OF COVER CROPPING ON PRODUCTIVITY 
OF SOYBEAN-CORN ROTATION IN LOUISIANA 
3.1 INTRODUCTION 
Corn (Zea mays) and soybean (Glycine max) rotation is a common cropping system, and 
cotton (Gossypium hirsutum L.) continues as a monoculture in Louisiana. In the south, the 
majority of the annual total precipitation occurs in early May until September when row crops 
are established (Anapalli et al., 2018). However, farmers can produce crops continuously for 
years which can decrease soil organic matter (SOM), increase soil erosion, deplete nutrient, 
reduce water holding retention, and finally decrease soil productivity (Causarano et al, 2006). 
Crop yields are affected by different environmental factors such as moisture conditions and 
presence of biotic stresses (e.g. weeds, insects) (Hu and Buyanovsky, 2003). Thus, the variability 
of crop yields depends on climate condition shifts (Swift, 1994). Corn and soybean in an annual 
rotation can increase yields by about 13% and 10% more, compared to continuous single crop 
production in consecutive years (Porter et al., 1997). In the same study, soybean increased yields 
between 5% to 16% when it is rotated with corn compared to single soybean production. Meese 
et al. (1991) reported that yields of corn and soybean in a no-till rotation as cropping systems did 
not decrease compared to monoculture cropping. However, increasing yield of crops in rotation 
is dependent on many environmental factors. Other studies in Minnesota and Wisconsin showed 
yield reduction by 4% and 6% for corn and soybean rotation, respectively in rotation reference to 
continuous corn and soybean yields in a single year (Porter et al., 1997). 
Crop rotation has beneficial effects on soil properties and crop productivity over time 
(Varvel, 2000). Pierce and Rice (1988) described yield advantages due to crop rotation could be 
related to multiple interaction factors. Factors that can have negative effects on crop yield could 
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be pest infestations, low water use efficiency, low soil quality and soil organic matter, poor soil 
aggregation, and reduced nutrient availability (Tanaka et al., 2005; Karlen et al., 2006; Russell et 
al., 2006; Pikul et al., 2007; and Liebig et al., 2002). In cropping rotation systems, it is important 
to select the appropriate species and management practices based on agronomic and economic 
return (Gerhardt, 1997). Based on an experiment over a 6-year period, the yield variability was 
higher in plots applied with organic fertilizer (manure) input than those treated with chemical 
fertilizer (Kravchenko et al., 2005). Yield variability in a 4-year study was higher in continuous 
corn production than a corn-soybean-winter wheat rotation (Smith and Gross, 2006). 
Cover cropping can decrease soil erosion, weed pressure, and nutrient losses and improve 
soil quality by raising SOM and microbial activity (Kaspar et al., 2001). The quantity of surface 
residue after agronomic operation depends on the crop residue type, and tillage or non-tillage 
operation (USDA-NRCS., 1998). Cover crops can help in nutrient cycling, improving soil 
structure, and enhance plant nutrient uptake (Dabney et al., 2001). Nitrate (NO3
-) is highly 
vulnerable to leaching because it is water soluble. Cover crops can reduce the amount of NO3
- 
loss by taking them (NO3
- molecules) up instead of allowing leaching process to take place. 
(Kremen and Weil, 2006). Cover crops can have impacts on weed pressure and biomass 
accumulation, therefore cover crop termination is very important to ensure good amount of 
residue remains on the soil surface (Mirsky et al., 2011). In addition, leguminous cover crops 
could reduce nitrogen (N) fertilization for the cash crop and reduce N losses (Reinbott et al., 
2004). Veenstra et al. (2007) reported that legume cover crops had positive impact on soil 
physical properties, water retention, and nutrient availability, and reduced soil erosion. Planting 
cover crops at the right time can increase biomass accumulation. Coupled with the right time of 
termination, the accumulated cover crops biomass can decompose faster and facilitate release of 
65 
 
nutrients in time for main crop’s use. In addition, the timely termination of cover crops is 
essential when row crops are planted in early summer (Janke et al., 2002). Legumes need good 
environmental conditions to grow and establish before the low temperatures during the winter 
season impose damage to seeds (Blanco‐Canqui et al., 2012). The rye winter (Lolium perenne) 
cover crop study by Ruffo et al. (2004) demonstrated that cover crops planted after corn reduced 
NO3
- leaching that can be attributed to consumption of NO3
- by rye. This result in increased rye 
biomass increased by 6095 kg ha−1 carrying with it N in the amount of 170 kg ha−1. The use of 
mixed cover crop species was more efficient in optimizing C: N balance and allelopathic effects 
to control weeds or soil pests compared to the use of single cover crops species (Treadwell et al., 
2010). In addition, Tilman et al. (2001) and Clark (2012) observed that mixed cover crops 
species can produce more aboveground biomass compared with single cover crop species. 
A positive relationship between cover crop biomass yield and weed suppression during 
winter seasons were reported by Finney et al. (2016). Poeplau and Don (2015) studied the effects 
of tillage, cover crop species mixes, temperature, precipitation and number of years of 
continuous cover cropping on soil organic carbon (C). This study found the soil organic C 
obtained from cover crops was linearly correlated over time (r = 0.51; P < 0.001) indicating that 
areas planted to cover crops for more years had higher soil organic C accumulation. Similarity, 
results from other studies showed that short-term cover cropping may not increase soil organic C 
concentration (Adler et al., 2015; Stetson et al., 2012; and Wegner et al., 2015). 
Acharya et al. (2019) described the total amount of nutrients from cover crops aboveground 
biomass with tillage farming practices were significant related to the total amount of nutrients 
founded in the soil. Legume cover crops such as hairy vetch (Vicia villosa) under conventional 
tillage produced significantly higher biomass yield than under no-tillage. Other studies 
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demonstrated that cover crops biomass yield was affected by both growth rate and termination 
time (Clark et al., 1994; Johnson et al., 1998; Kaspar et al., 2001; and Nielsen et al., 2015). Too 
early termination of cover crops can reduce biomass yield whereas late or close to maturity stage 
termination may not be effective in controlling cover crops growth. Cover crop biomass yields 
can be affected by different factors such as soil type, years, species, mixtures, and agriculture 
management (Poffenbarger et al., 2015).  
The effects of cover cropping on row crop rotations in Louisiana is studied particularly on 
the relationship between cover crop biomass yield and the main crop yield. There is limited 
documentation on the role of cover cropping on soil nutrients availability and overall soil health 
factors. The objectives of this study were: (1) to evaluate the association among biomass yield of 
cover crops, soil fertility and yield of main crops and (2) determine the net returns from cover 
cropping in Louisiana row crop rotation system. 
3.2 MATERIALS AND METHODS 
3.2.1 Site description, treatment structure and trial establishment 
 This study was established in the fall of 2017 on producers’ fields in Northeast Louisiana 
and at Ben Hur Research Stations in Baton Rouge: Site 1 (Bastrop, LA) on a Gallion silt loam 
(74.9%) and Herbert silt loam (25.1%) soil, Site 2 (Oak Ridge, LA) on Herbert silt loam 
(22.6%), Sterlington silt loam (74.5%), and Sterlington-Herbert complex (2.9%) soil, Site 3 
(Sicily Island, LA) on Calhoun silt loam (25.1%) and Memphis silt loam (74.9%) soil (Soil 
Survey Staff, 2019), and Site 4 (Ben Hur Research Station) on a Cancienne silt loam soil (Fine-
silty, mixed, superactive, nonacid, hyperthermic Fluvaquentic Epiaquepts). Louisiana’s average 
annual precipitation is 1586 mm with an annual average temperature of 20.9oC. The average 
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temperature between September to December was 19.5oC in 2018, and 19.9 oC in 2019 when 
cover crops were established in the fall (NOAA, 2019).  
Site 1 and 2 were divided into three equal sections as strip trials: cover crop 1 (section1) and 
cover crop 2 (section 3) were planted with cover crops, and native weeds were allowed to grown 
under no cover crop (section 2) treatment. Each section was further divided into 3 sections 
(replicates). At Site 1 (21 ha), cover crops 1 and 2 were planted on November 14 and 15 in 2017, 
respectively, and in 2018, both cover crops 1 and 2 were planted on December 6. At Site 2 (15 
ha), cover crop 1 and 2 were planted with cover crops in October 25, 2017 and November 29, 
2018 and one section with no cover crop. Site 3 (6.5 ha) had one site with cover crops (planted 
on October 28, 2017 and October 28, 2018) and one without cover crops. Site 4 had cover crops 
planted in September, November, and October in 2017 and 2018 with and without fertilizer 
treatments (17 kg ha-1 of P and K).  
Cover crops were mixed and broadcast- seeded with a PTO-broadcast spreader (FSP4000, 
Land Pride). Native weeds (also known as unseeded cover crops) were allowed to grow in both 
treatments (Table 3.1). Cover crop biomass was collected from a 1 × 1 m2 sampling area in early 
spring or right before termination.  The aboveground biomass of all cover crop species including 
the native weeds was collected with the exception of tillage radish where the roots were also 
collected. Cover crops were separated, placed in paper bags, and processed by species, and dried 
in an oven at 65o C. Dry weights were recorded, and each biomass sample was ground and stored 
prior to elemental composition analysis.  
The biomass yield was reported as the total weight (kg) of all cover crop species per hectare. 
The cover crops were terminated three-weeks prior to planting of cash crops roughly between 
February and March.  
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Table 3.1. Farmer sites and cover crops species planted (kg ha-1) in 2017 and 2018. 
 
Location Year Treatment Type Species
 
Rate (mix)® 
-----  kg ha-1 ---- 
Site 1 2017 Cover crop 1© Legume Berseem clover  7.8 
   Legume Hairy vetch  15.7 
   Cereal Black oats  5.6 
   Cereal Cereal rye  26.9 
  Cover crop 2 Legume Berseem clover  4.5 
   Legume Hairy vetch  4.5 
   Cereal Black oats  5.6 
   Cereal Cereal rye  58.2 
 2018 Cover crop 1 Legume Hairy vetch  9.0 
   Cereal Triticale  56 
   Brassica Tillage radish  2.2 
  Cover crop 2 Legume Crimson clover  3.4 
   Legume Hairy vetch  17.9 
   Cereal Black oats  23.5 
Site 2 2017 Cover crop 1 Legume Berseem clover  3.4 
   Legume Hairy vetch  4.5 
   Cereal Cereal rye  58.2 
  Cover crop 2 Legume Berseem clover  6.7 
   Legume A. Winter Pea  13.4 
   Cereal Cereal rye  23.5 
 2018 Cover crop 1 Legume Hairy vetch  20.2 
   Cereal Black oats  23.5 
   Brassica Tillage radish  2.2 
  Cover crop 2 Legume Hairy vetch  9.0 
   Cereal Triticale  56 
    Brassica Tillage radish   2.2 
Site 3 2017 Cover crop Legume Berseem clover  6.7 
   Legume Hairy vetch  9.0 
   Cereal Cereal rye  23.5 
 2018 Cove crop Legume Hairy vetch  20.2 
   Cereal Black oats  23.5 
    Brassica Tillage radish   2.2 
® Cover crop seeding rate mixed with other species in kilograms per hectare. 
© Sites planted with one cover crop species. 
 
Cover crops and native weeds were terminated by herbicide application of glyphosate 
(Roundup Original Max, a glyphosate N-(phosphonomethyl) glycine in the form of its potassium 
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salt. Bayer Company, St. Louis, MO) at 2.24 kg active ingredient (ai) ha-1.  At Site 1, corn was 
planted on March 19, 2018, soybean on April 9, 2018, and cotton on May 3, 2018.  At Site 2, 
corn was planted on March 14, 2018 and soybean on April 12, 2019. At Site 3, soybean was 
planted on April 16, 2018 and corn on March 20, 2019. At Site 4, soybean was planted on April 
2018 and 2019.  
Cash crop harvesting was done by collecting whole plants from 2 rows (0.97 m wide) x 2 m 
long for corn or soybean and 2 rows x 4 m long for cotton from each. Harvesting was done on 
August 26, 2018 and October 3, 2019 for Site 1; August 19, 2018 and August 30, 2019 for Site 
2; August 28, 2018 and August 1, 2019 for Site 3; and April 10, 2018 and April 2, 2019 for Site 
4 (Figure 3.1). 
Figure 3.1. Timeline of soil and plant biomass sampling, and harvesting activities in 2017, 2018 
and 2019. 
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For soybean, whole plant samples were dried and weighed prior to threshing using BT14 Belt 
thresher (ALMACO company, Iowa). All the grains were collected and weighed. Grab samples 
of the stover were taken for elemental composition analysis. Weight of the stover was estimated 
based on the difference between the total plant dry weight and grain dry weight.  Whole corn 
plants samples were collected, dried, and weighed. Corn ears were separated and shelled using a 
manual hand crank thresher (MAXIMIZER® Corn Sheller). The weights of grain and stover 
(cobs, husk, stems and leaves) were recorded prior to grinding/processing using Super Handy 
Wood Chipper Shredder Mulcher Ultra Duty 7HP. For cotton, whole plant samples were 
collected and weighed for the total dry biomass yield. For each replicate, the number of plants 
and balls were counted. Post-harvest, at least sixteen core samples were taken at 0 -15 cm and 15 
-30 cm depths from each replication.  
Prior to weighing, biomass samples of both cover crops and cash crops were oven-dried at 65 
± 75°C for 72 hours. Dry matter was calculated as follows:  
Dry Biomass = Fresh weight – [(Fresh weight × % MC)/100] 
Where: 
% MC = moisture content in percent. 
Grain yield was calculated with adjusted moisture content using the following equation: 
Grain yield (kg ha-1) = [(grain yield weight) / plot size in m2) × (10.000 m2 / 1 ha)] × [(100 – 
%MC) / 100 - Adjusted MC].  
Where: 
Plot size = 1.92 m2 (soybean and corn) and 3.9 m2 (cotton). 
%MC = Moisture content of grain harvest. 
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Adjusted MC = weight adjustment moisture content at 13% for soybean grain and 15.5% for 
corn grain. 
Plant samples, i.e., cover crop biomass, grain and stover were analyzed for macronutrient (N, 
P, K, Mg, and Ca) and micronutrient (Cu, Fe, Mn, Ni, and Zn) concentrations. The amount of 
macronutrients and micronutrients contained in the plant biomass, or grain of the cover crop or 
cash crop was converted in kg ha-1 as the product of plant dry mass in kg ha-1 and nutrient 
concentration (% or mg kg-1). Nutrient removal was calculated using the following equation: 
Nutrient removed (kg ha-1) = grain (corn or soybean)/ dry biomass (cover crop or main crop) (kg 
ha-1) × nutrient content. 
Where: 
Nutrient content = % macronutrient or mg kg-1 micronutrient content for grain or plant. 
3.2.2 Soil collection and analysis 
Soil samples were collected at random with at least sixteen core samples at 0 -15 cm and 15 -
30 cm depths from each replication. Samples were mixed and dried in an oven at 65o C for a 
couple of days. The dried soil samples were ground and weighed (2 g) to determine the soil 
nutrient content based on Mehlich-3 extraction (Mehlich, 1984) procedure followed by 
inductively coupled plasma analysis (ICP). Blanks and reference samples were included in each 
batch of extraction for quality assurance. Two grams of oven-dried ground soil was weighed into 
125 ml plastic bottles and added with 20 ml of Mehlich-3 solution. The samples were shaken on 
a reciprocal shaker at high speed and filtered using Whatman No. 42 filter paper. Clear extract 
samples were poured into 10-ml tubes and analyzed for macro- and micronutrient concentrations 
using ICP.  
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3.2.3 Plant tissue and grain analysis  
The nitric acid-hydrogen peroxide (HNO3-H2O2) digestion method followed by ICP analysis 
was used for analysis of plant elemental composition. Plant tissue samples (0.5 g) were weighed 
and placed into digestion tubes. Deionized water (2.2 mL) was dispensed into the digestion tube 
and then after 2 minutes, 5 ml of concentrated HNO3 (68 -70%) ACS reagent grade was added. 
Small glass funnels were placed on the top of the tubes before placing them on the digestion 
block with a starting temperature of 60oC. Every 10 minutes, the temperature was increased by 
10o C up to 125o C. The samples were digested for 45 minutes at 125o C and for 50 minutes at 
128o C. The digested samples were cooled down for 2 minutes before adding 1 ml of 30% 
hydrogen peroxide (H2O2). After 10 minutes, another 2 mL of H2O2 was dispensed into the 
digestion tubes; the samples were heated again for 30 minutes at 128o C. The digested samples 
were removed from the digestion block and cooled down to 20o C. The digested samples were 
mixed using a vortex mixer before transferring them into a 15 ml centrifuge tube. The solution 
was then brought to 12.5 ml volume with the distilled water that was used to rinse out the 
remaining digested sample in the tube. The solutions were filtered with Whatman No. 1 filter 
paper and transferred into10-ml tubes for ICP analysis. Blank and reference samples were 
included in each batch of digestion for quality assurance.  
3.2.4 Plant total N analysis  
Grain and plant tissue N content was determined using the CN dry combustion method with 
LECO® CN628 analyzer (St. Joseph, MI). Dried leaf samples (20 mg) were weighed into a tin 
foil capsule using an analytical microbalance (MS104TS, LANGACHER, Switzerland). The 
samples were loaded into the oven carousel. Samples were flash-combusted converting them into 
gaseous components in a quick and quantitative way. For the determination of N and C content, 
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the bulk material was converted to pure N2 and CO2 after a chromatographic column held at an 
isothermal temperature separated the N and CO2. 
3.2.5 Experimental design and statistical analysis 
The treatments (cover crops and no cover crop) were arranged in a strip trial design with 
three replications. Macronutrient and micronutrient concentrations from plant tissue and row 
crop grain were subjected to analysis of variance (ANOVA) for Sites 1, 2, and 3 using PROC 
MIXED in SAS 9.4 (SAS Institute, 2012) with replication as random effects and treatments 
(cover crops 1, cover crops 2, and no cover crop) as fixed effect. Testing the difference between 
two means (cover crops vs. no cover crop) was done using T-test for each site-year with a level 
of significance at P < 0.05. Prior to the ANOVA, a Chi-square test of homogeneity was first 
carried out to determine if the data could be pooled across site-years. Cover crop biomass and 
soil nutrient content at midseason growth stage of the main crop (corn, soybean, and cotton) 
were graphed (XY scatter) using excel software for Sites 1, 2, 3, and 4. A regression trend line 
and equation were added to determine the degree of association between these two variables 
using the coefficient of determination (r2) as a criterion.  
3.2.6 Economic analysis of cropping system 
The cropping system net returns were computed only on site-years where treatment means 
were significantly different at P < 0.05 level of confidence. Least square means (LSD) was used 
to identify net return differences. The cover crop costs were calculated using the Cover crop 
decision tool (Microsoft Excel-Based), where the Natural Resources Conservation Service 
(NRCS) incentives and conservation tillage practices are included (Adusumilli, 2018). Cropping 
system (corn, soybean, and cotton) yields were collected (kg ha-1) to calculate net returns for 
each treatment and site (with and without cover crops) in US dollar per hectare. Economic 
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analyses were performed using current market prices (National Agricultural Statistics Service, 
2019; LSU-AgCenter, 2019a) for inputs at planting and for output at the time of harvest. All 
cropping system costs were calculated in US dollar per hectare basis for agriculture operations, 
fertilizer inputs and application, and herbicide inputs and application. The farm land was fully 
owned, hence, no leasing costs were included in the net return analysis. The revenue was 
computed as the product of the price ($) per kg (of grain or lint) and mean yield for each 
treatment. Crop production inputs were updated by obtaining prices from farm input suppliers. 
The total variable production cost for corn, soybean and cotton operations were the sum of the 
costs for fertilizer and herbicide applications, seed, harvesting, and hauling costs including the 
cost of cover crop seeds and termination expenses. The net return for each treatment was 
computed as the difference between the revenue and the total variable costs.  
3.3 RESULTS AND DISCUSSION 
3.3.1 Evaluate the impact on cover cropping of grain yield of main crop 
Cover crops were planted at three sites in Northeast Louisiana in October 2017 (Site 1 and 2) 
and November 2018 (Site 3), where the average temperature in October was 21.1o C for 2017 
and 2018, and the average temperature in November was 20.6o C in 2017 and 15.6o C in 2018 
(Figure 3.2). Site 1 and 2 had a total (in October) precipitation of 51.6 mm and 181. 6 mmm in 
2017 and 2018, respectively. At Site 3, the total monthly precipitation in November was 14 mm 
and 210.8 mm in 2017 and 2018, respectively (Figure 3.3).  
In Louisiana, corn is planted in early April while soybean and cotton are planted in middle 
April until May (Arledge and Kenneth, 2015). In 2019, total precipitation received in these 
months was 45% more than in 2018 for corn or early soybean planting. The total precipitation in 
April was 138.4 mm for 2018 and 251.5 mm in 2019. During the months of soybean and cotton 
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planting, the sites received 88.9 mm of rain for 2018 and 246.4 mm in 2019 (Benedict et al., 
2007; Fromme et al., 2018). 
 
Figure 3.2. Monthly average temperature (o C) in Northeast Louisiana in 2017, 2018 and 2019. 
Data was accessed from the weather station located at the Sweet Potato Station in Chase, 
Louisiana. 
 
 
Figure 3.3. Monthly total precipitation (mm) in Northeast Louisiana in 2017, 2018, and 2019. 
Data was accessed from the weather station located at the Sweet Potato Station in Chase, 
Louisiana. 
 
There was not significant difference between the treatments in terms of grain yield, and 
amount of macronutrient removal rate for all site-years (Table 3.2). Similarity the micronutrients  
Removal rate of grain was statistically the same between treatments for all site-yeas (Table 3.3). 
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Table 3.2. Main crop yield and macronutrient removed by grain under cover crops and no cover crop treatments at three sites in 
Northeast Louisiana in 2018 and 2019. 
Year Site Crop Treatment Yield N Ca K Mg P S 
    ------------------------- kg ha-1 ------------------------- 
2018 Site 1 Corn Cover crop 1∞ 11596 130 1.38 46 9.23 32.6 11.77 
   No cover crop® 10474 119 0.97 42 8.32 29.8 9.95 
  Soybean Cover crop 2 4409 31 15.10 108 11.06 25.3 13.71 
   No cover crop 2 4416 34 20.63 90 12.95 24.5 13.45 
 Site 2 Corn Cover crop 1 15079 173 0.98 62 11.92 44.1 15.55 
   Cover crop 2 14640 159 1.31 60 11.99 43.6 15.79 
   No cover crop 15124 168 0.76 53 11.89 43.2 15.35 
 Site 3 Soybean Cover crop 5731 331 20.23 117 13.80 30.9 17.09 
   No cover crop 6335 329 23.50 117 15.35 36.3 19.54 
2019 Site 1 Cotton Cover crop 1 2437 - - - - - - 
   Cover crop 2 2317 - - - - - - 
   No cover crop 2092 - - - - - - 
 Site 2 Soybean Cover crop 1 4534 235 21.02 82 11.4 20.5 12.32 
   Cover crop 2 4567 233 20.22 79 11.1 19.8 11.92 
   No cover crop 4217 222 20.06 75 10.3 19.4 11.78 
 Site 3 Corn Cover crop 14367 209 0.09 97 25.3 86.0 18.29 
      No cover crop 15924 222 1.41 104 27.5 91.5 19.73 
® No cover crops included native weeds. 
∞ Sites 1 and 2 had cover crops (1 and 2) and one no cover crop. 
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Table 3.3. Micronutrients removed by grain of the main crop under cover crops and no cover crop treatments at three sites in 
Northeast Louisiana in 2018 and 2019. 
Year Location Crop Treatment Cu Fe Mn Ni Zn 
    ----------------- g ha-1 ---------------- 
2018 Site 1 Corn Cover crop 1∞ 0.02 1.33 0.05 0.00 0.22 
   No cover crop® 0.02 0.14 0.04 0.00 0.19 
  Soybean Cover crop 2 0.08 0.31 0.11 0.01 0.21 
   No cover crop 2 0.06 0.31 0.12 0.01 0.19 
 Site 2 Corn Cover crop 1 0.04 0.19 0.07 0.00 0.28 
   Cover crop 2 0.04 0.20 0.06 0.00 0.27 
   No cover crop 0.03 0.20 0.06 0.00 0.28 
 Site 3 Soybean Cover crop 0.06 0.47 0.23 0.03 0.22 
   No cover crop 0.05 0.49 0.21 0.04 0.21 
2019 Site 1 Cotton Cover crop 1 - - - - - 
   Cover crop 2 - - - - - 
   No cover crop - - - - - 
 Site 2 Soybean Cover crop 1 0.39 0.04 0.20 0.01 0.19 
   Cover crop 2 0.41 0.04 0.21 0.01 0.19 
   No cover crop 0.48 0.03 0.22 0.01 0.16 
 Site 3 Corn Cover crop 0.72 0.05 0.16 0.01 0.68 
      No cover crop 0.62 0.06 0.16 0.01 0.66 
 ® No cover crops included native weeds. 
∞ Sites 1 and 2 had cover crops (1 and 2) and one no cover crop. 
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The lack of main crop grain yield response to cover cropping is not uncommon especially 
during the early years of cover cropping implementation. This is mainly due to the fact that the 
improvement of the nutrient pool in the soil requires long-term adoption of cover cropping. 
Several studies reported similar findings. In an 8-year field study conducted by Snapp and 
Surapur (2018), winter cover crops did not affect corn yield, and had no response to N fertilizer 
rate. Acharya et al. (2019) found no significant effect of tillage, cover crops, and their interaction 
on yield of soybean grown on very fine sandy loam soils in Louisiana. In addition, cover crops 
did not have any effect on grain nutrient content. Also, Miguez and Bollero (2005) meta-analysis 
study did not find any evidence of reduction nor improvement on productivity of corn grown 
after a winter grass cover crop.  
3.3.2 Evaluate the association among biomass of cover crops, plant-available nutrients, and 
yield of main crop 
Generally, the associations between cover crop biomass and the nutrient content of the soil 
taken during the midseason growth stage of the main crop were none to very weak for Site 1 
(Figure 3.4) and Site 2 (Figure 3.5). For both sites, the highest positive association of cover crop 
biomass was attained with soil P at r2 = 0.1421 at Site 1 while soil K and S levels had no or weak 
associations with cover crop biomass (r2 values ≤ 0.104). However, Site 3 recorded strong 
negative associations of cover crop biomass with soil P (r2 = 0.592) and K (r2 = 0.706) (Figures 
3.6a and 3.6b).  Biomass cover crop yields had better stand and growth at Site 3 compared to Site 
1 and Site 2; thus, it was logical to attribute the reduction in soil P and K to the relatively large 
amount of P and K removed by the cover crops and stored in their biomass. The cover crop 
biomass had no evident association with the yield of both soybean (r2 = 0.027) and cotton (r2 = 
0.052) at Site 1 (Figures 3.7b and 37c). On the other hand, corn grain yields increased with 
increasing cover crop biomass with r2 = 0.431 (Figure 3.7a). 
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Figure 3.4. Relationship of cover crops biomass with midseason soil P (a), K (b), and S (c) at 
Site 1 in 2018 and 2019. 
 
 
 
Figure 3.5. Relationship of cover crops biomass with midseason soil P (a), K (b), and S (c) at 
Site 2 in 2018 and 2019. 
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Figure 3.6. Relationship of cover crops biomass with midseason soil P (a), K (b), and S (c) at 
Site 3in 2018 and 2019. 
 
 
 
Figure 3.7. Relationship of cover crops biomass with corn yield (a) in 2018, soybean yield (b) in 
2018, and cotton yield (c) in 2019 at Site 1.  
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At Site 2, the associations between cover crop biomass and grain yield of the main crop corn 
in 2018 and soybean in 2019 were positive but very weak with r2 values of 0.081 and 0.162, 
respectively (Figure 3.8).  At Site 3, grain yields of the main crop corn in 2019 and soybean in 
2018 decreased with increasing cover crop biomass with r2 values of 0.233 and 0.174, 
respectively (Figure 3.9). This observation is consistent with the negative association of cover 
crop biomass with soil P and K levels reported in Figure 3.6. Cover crops scavenge for nutrients 
that would have likely been lost through leaching and runoff during the fallow periods. However, 
removal or scavenging of large amounts of nutrients can become a form of competition (for 
nutrients) against the following main crop.  
 
Figure 3.8. Relationship of cover crops biomass with corn yield (a) in 2018 and soybean yield (b) 
in 2019 at Site 2. 
 
 
Figure 3.9. Relationship of cover crops biomass with corn yield (a) in 2019 and soybean yield (b) 
in 2018 at Site 2. 
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Finney et al. (2016) reported a linear relationship between cover crop biomass and corn 
yield (r2 = 0.55). The use of winter legume as a cover crop resulted in increased corn yields 
compared to no cover crops. Also, other cover crop mixtures consisting of red clover (Trifolium 
pretense), hairy vetch (Vicia villosa), oat (Avena sativa), and forage radish (Raphanus sativus) 
had a positive impact on corn yields. In consideration of cover crop biomass yield, Site 3 had 
higher yields at 1565 kg ha-1 compared to Site 2 and Site 1 in 2018 and 2019. Previous studies 
showed that the presence of cover crop residues increased the main crop yield over time (Kuo 
and Sainju, 1998; Miguez and Bollero, 2005; Tosti et al., 2012). 
 At Site 4, the association between biomass of cover crops planted at different dates 
(September, October, and November) and soybean yield was negative with a r2 = 0.5 (Figure 
3.10).  
 
Figure 3.10. Relationship between biomass of cover crops planted at different dates and soybean 
grain yield at Site 4 in Ben Hur Research Station, 2018 and 2019.  
 
For the soil nutrient content, only soil K had an evident association (negative) with cover 
crop biomass (r2 = 0.339; Figure 3.12) whereas soil P (r2 = 0.017; Figure 3.11) and S (r2 = 0.43; 
Figure 3.13) was slightly declining with increasing cover crop biomass yields.  Sindelar et al. 
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(2015) found soybean production could be higher with soybean-corn rotation than continuous 
soybean-soybean systems. In addition, Peterson and Varvel (1989a), and Pedersen and Lauer 
(2003) showed soybean grain yields was greater in soybean-corn rotation than in continuous 
soybean-soybean systems in 67% of production years.  
 
Figure 3.11. Relationship between biomass of cover crops planted at different dates and 
midseason soil P at Site 4 in Ben Hur Research Station, 2018 and 2019. 
 
 
Figure 3.12. Relationship between biomass of cover crops planted at different dates and 
midseason soil K at Site 4 in Ben Hur Research Station, 2018 and 2019. 
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Figure 3.13. Relationship between biomass of cover crops planted at different dates and 
midseason soil S at Site 4 in Ben Hur Research Station, 2018 and 2019. 
 
3.3.3 Economic analysis on net return cropping system between cover crop biomass impact 
on main crop yield and no cover crop in two years. 
Different cropping systems were employed at the three sites in Northeast: Site 1 soybean-
cotton and corn-cotton, Site 2 corn-soybean, and Site 3 soybean-corn. Cotton production cost 
was the highest with $1,508.6 ha-1 followed by corn with $1,177.6 ha-1, and then soybean with 
$966 ha-1 (Table 3.4). The high production cost in Cotton was due to high expensive allocated 
for herbicide and insecticide application with $541 ha-1 compared with $218.5 ha-1 for corn and 
$503.1 ha-1 for soybean. For this economic analysis, the net return for cropping systems included 
NRCS incentives at $141 ha-1 when cover crops were planted for each row crop-year, without 
NRCS incentives when cover crops were planted for cropping systems, and no cover crop 
treatments. This analysis considered the cover crop biomass impact on yield of the main crops 
and no cover crop (native weeds) during the fallow period for two years. 
 The net returns for each cropping system for two years ($282 ha-1) between cover crops 
(with RCS incentives) and no cover crops were not significantly different (Figure 3.14). 
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Table 3.4. Soybean, corn and cotton production cost in 2018 and 2019 at three sites in Northeast 
Louisiana. 
 Cropping systems 
Inputs cost Corn Soybean Cotton 
 ------------------------------   US$ ha-1  ------------------------ 
Fertilizer 305.2 94.2 291.5 
Application Cost 35.9 21.5 31.5 
    
Herbicide/Insecticide® 141.9 409.2 417.5 
Application Cost 76.6 93.9 123.5 
    
Field Operations 344.6 160.8 407.6 
    
Seed/Technology Fee 273.4 186.2 237.0 
    
Total 1,177.6 965.9 1,508.6 
® Cover crops were stablished in fallow for each site and replication before any cropping system. Herbicide 
application cost when cover crop were terminated was for corn $57.6 ha-1, soybean $42.5 ha-1, and cotton $36.1 
ha-1. 
 
The net return when cover crops were planted was higher by $341 ha-1 for soybean-cotton, 
$640 ha-1 for corn-cotton, and $74 ha-1 for corn-soybean than the no cover crop treatments. The 
net return for soybean-corn rotation was higher by $427 ha-1 under no cover crop than with cover 
crops (with NRCS incentives). Corn-cotton rotation with cover crops obtained the highest net 
return at value of $2,492 ha-1 to the $2,290 ha-1 for soybean-cotton, and $1,619 ha-1 for corn-
soybean with cover crops, and $2,370 ha-1 for soybean-corn without cover crops. 
On the other hand, when NRCS incentives were not considered as extra income for the net 
return for each cropping system, soybean-corn rotation without cover crop was higher than 
soybean-cotton, corn-cotton, and corn-soybean with and without cover crops (Figure 3.15). For 
all cropping systems with cover crops and no cover crop treatments, only in the corn-cotton 
rotation where the cover crops were obtained a higher net return ($2070 ha-1) than no cover crop 
($1852 ha-1). 
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Figure 3.14. Total net return in dollars per hectare between cover crops with NRCS incentive and 
no cover crop treatments at Site 1 (soybean-cotton, and corn-cotton), Site 2 (corn-soybean), and 
Site 3 (soybean-corn) in 2018 and 2019. 
 
 
 
Figure 3.15. Total net return in dollars per hectare between cover crops without NRCS incentive 
and no cover crop treatments at Site 1 (soybean-cotton, and corn-cotton), Site 2 (corn-soybean), 
and Site 3 (soybean-corn) in 2018 and 2019. 
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Cover cropping can only make a positive impact on net return for soybean-cotton, corn-
cotton, and corn soybean cropping systems when NRCS incentives were included as extra 
income. Therefore, cover cropping during the winter fallow period has potential to boost the net 
returns from row crop rotation systems in Louisiana.  
3.4 CONCLUSIONS  
Good cover crops stands are crucial for production of biomass which serves as storage of 
nutrients for the following main crop.  Improvement of nutrient pool in the soil requires long-
term adoption of cover cropping. While, cover crops can scavenge nutrients in the soil profile 
that could be lost by leaching and runoff during the fallow periods. The removal of large 
amounts of nutrients by cover crops biomass can become a form of competition (for nutrients) 
against the following main crop. The results from this study were in agreement with this notion 
such the associations of cover crops biomass with soil nutrients (P, K and S) and with main crop 
yield were negative in general. Adopting cover cropping with NRCS incentives can improve net 
returns for a variety of crop rotation systems in Louisiana. 
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CHAPTER 4 
EVALUATE THE EFFECT OF PLANTING DATE AND FERTILIZATION 
ON BIOMASS PRODUCTION OF COVER CROPS AND NUTRIENT 
TURNOVER 
 
4.1 INTRODUCTION 
The soybean (Glycine max) area planted in 2019 was 348,029 ha in Louisiana (NASS-USDA, 
2020). In Louisiana, continuous row cropping systems production such as corn (Zea mays) 
followed by corn or soybean followed by soybean with intense tillage practices can reduce soil 
organic matter (SOM), soil nutrient availability, soil aggregates, and eventually reduce soil 
productivity (Causarano et al., 2006). The high temperatures and precipitation conditions in the 
Southeastern USA drives high annual soil organic carbon (SOC) accumulation and fast rates of 
decomposition. McGregor et al. (1975) estimated high rates of soil erosion in southern Mississippi 
in areas under tillage practices and low rates under conservation tillage. Therefore, crop rotation 
can have positive effects on SOM accumulation and nitrogen (N) fixation when the crop in rotation 
is legume (Lopez et al, 1996). 
Conservation practices such as minimum or no-tillage help in reducing degradation of soil 
structure hence erosion from wind and water (Holland, 2004). Also, implementation of 
conservation tillage practices can increase soil SOM in the long-term that subsequently increases 
water infiltration rates and nutrient availability (Beare et al., 1994; Six et al., 2000). Another 
positive impact of conservation tillage practices is enhancing microbial activity in the soil 
through crop residue incorporation after main-crop harvest (Ahl et al., 1998).  Unincorporated 
crop residue serves as soil surface cover which will reduce soil erosion and water losses. 
However, crop residue accumulation on soil surface can increase damage by insects and rodents, 
and impair seed germination (Ruis and Blanco-Canqui, 2017). 
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Cover crops planted in the winter when the fields are fallow can have beneficial effects for 
the row cropping systems. The nature and degree of benefits depends on the types of cover crop 
species (e.g. legumes vs. grass), seeding rate, and termination time (Tonitto et al., 2006). Cover 
crops grow in the fall until spring of the following year. However, low temperatures in winter 
can damage or kill the cover crops, or cause seed dormancy reducing biomass accumulation 
(Weil and Kremen, 2007). For this reason, selecting the right time to plant cover crops will 
assure good germination, plant stand, and high biomass accumulation. According to Büchi 
(2018), cover crop biomass can impose weed pressure during the fallow period to reduce weed 
seed banks in the field. Farmers need to make decisions on the types of cover crop species as 
they bring in different benefits. For example, use of legumes reduces nitrogen (N) fertilizer 
application for the main crop, while grasses can scavenge mineral N therefore reduce N loss via 
leaching (Dabney et al., 2001; Mazzoncini et al., 2011). 
Cover crops can also reduce soil surface runoff by increasing soil profile water holding 
capacity, as result of better soil pore structure (SARE-USDA, 2010). The main difference 
between non-legumes and legume cover crops adoption is N management. Legumes can fix N 
while non-legumes can only use N that is already in the soil (Norsworthy et al, 2010). Nitrogen 
in nitrate (NO3
-) form is the most vulnerable to leaching because it is water soluble. Cover crops 
can take up this form of N and store it in their biomass avoiding losses from leaching (Kremen 
and Weil, 2006). With N and other nutrients in the soil, cover crops can produce biomass that 
will eventually be incorporated in the soil which will build up SOM and increase C sequestration 
(Zomer et al., 2017). 
The cover crops that are commonly used in Louisiana include hairy vetch (Vicia villosa), 
crimson clover (Trifolium incarnatum), and tillage radish (Raphanus sativus). Hairy vetch grows 
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in the fall, and its root system continues to develop over the winter. It is a winter and summer 
annual legume that fixes N into the soil to be available for the cash crop, and it also contributes 
to weed suppression (Ebelhar et al., 1984). According to SARE-USDA (2010) hairy vetch does 
not contribute to SOM build up even for long-term use since its biomass easily breaks down and 
yields are less than other winter cover crops (1,960 to 6,950 kg ha-1). Hairy vetch requires 
slightly high soil P, K and S, and it can grow with a soil pH between 6.0 to 7.0 (Duke, 1981; 
Alsup et al., 2002). Crimson clover is a winter and summer annual legume with shade tolerance 
that stands and blooms earlier than hairy vetch. It provides N in the early spring when the main-
crop is planted, and it can help to reduce soil erosion and water loss (Harper et al., 1995). 
Crimson clover can produce around 3,923 to 6,725 kg ha-1 dry matter biomass yield and fix N in 
the range of 78 to 168 kg N ha-1 (Teasdale, 1996). In addition, crimson clover may release 
organic N into the soil in eight weeks from its biomass accumulation after it was incorporated in 
the soil (Meisinger et al., 1991; Wagger, 1989). Crimson clover could be terminated and 
incorporated as other cover crops into the soil around 2 to 3 weeks before planting row crops 
(Sattell et al., 1998). Radish is a winter annual cover crop belonging to Brassicaceae (or 
Cruciferae). It is known to improve soil quality by breaking up soil compaction, recycling soil 
nutrients, reducing soil erosion, and contributing to weed suppression (Weil and Kremen 2007). 
Gruver et al. (2014) describes radishes as a standard species in many cool and warm 
environments that can be mixed with other cover crops with excellent results in breaking up soil 
compacted layers and scavenging soil nutrients. In addition, radishes can produce chemical 
compounds such as glucosinolates that are allelopathic substances to control weeds, pathogens or 
soil pests. (Ngouajio and Mutch, 2004). Radish seeds emerge within three days after planting in 
conditions above 4.4o C where weather conditions have low moisture and it can produce large 
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amounts of biomass rapidly that can store nutrients in its biomass reducing nutrient losses in the 
soil (SARE-USDA, 2010). 
Planting mixes of cover crop species can attain higher biomass yield and good weed 
suppression ability compared with planting a single cover crop species (Finney et al., 2016). 
Other studies have shown that combining cover cropping with other conservation tillage 
practices can further increase the benefits from planting cover crops. Soil organic matter 
continuously increased (linear correlation, r = 0.51; P < 0.001) over time when multiple species 
of cover crops were used in the winter fallow combined with conservation tillage practice 
(Poeplau and Don, 2015). Acharya et al. (2019) reported that conservative tillage (minimum or 
no-till) operations with cover crops had significant positive effects on soil health in soybean 
production. Cover crops increase soil moisture when SOM increases due to cover crop mixtures 
and tillage system interactions. However, Krishna (2001) found that no cover crops with 
conservative tillage had higher soybean yields compared with cover crop mixtures. Adler et al. 
(2015), Stetson et al. (2012), and Wegner et al. (2015) suggested that while short-term cover 
cropping may not increase SOM, increases in population of soil microbial fauna were observed.  
Many cultural management practices pose significant positive impacts on growth and 
biomass production of plants including those that are used as cover crops. These practices 
include planting date, seeding rate, plant spacing, etc. The information on the impact of planting 
date and starter fertilizer on cover crop biomass production and its subsequent effects on nutrient 
cycling and productivity of the main crop is scarce. This research was conducted to evaluate the 
effect of planting date and fertilization on biomass production of cover crops and nutrient 
turnover on soil in soybean-soybean cropping systems. 
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4.2 MATERIALS AND METHODS 
4.2.1 Site description, treatment structure and trial establishment 
This study was established in the fall of 2017 at Ben Hur Research Station (Baton Rouge, 
LA) on a Cancienne silt loam soil (Fine-silty, mixed, superactive, nonacid, hyperthermic 
Fluvaquentic Epiaquepts) (Soil Survey Staff, 2019).   
The treatments included three planting dates (September, October, and November) and a 
control with [17 kg ha-1 of phosphorous (P) and potassium (K)] and without starter fertilizer. 
Triple superphosphate (TSP – 46% P) and muriate of potash (KCl – 60% K) were used as 
fertilizer source. The treatment structure was a 4 x 2 complete factorial arranged split-plot in 
randomized complete block design with planting date (and control) assigned as the main plot and 
starter fertilizer treatment as subplots. Every sub-plot had six rows with 96.5 cm spacing between 
rows and lengths of 15.24 m. Planting date and control was blocked within eight sub-plots 
containing four replications with and without starter fertilizer (Figure 4.1).  
Mixes of cover crop species were planted by broadcasting the seeds by hand (Table 4.1). The 
starter fertilizer treatment was broadcast-applied by hand immediately after cover crop seeding. 
The cover crop biomass was collected from a 1 × 1 m2 sampling area in February 2018 and 2019, 
right before termination.  The aboveground biomass of all cover crop species including the 
native weeds was collected with the exception of tillage radishes where the roots were also 
collected. 
Cover crops were separated, placed in paper bags, and processed by species. After recording 
the dry weights, biomass samples were ground and stored prior to elemental composition 
analysis. The biomass yield was reported as the total weight of all cover crop species per hectare. 
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The cover crops were terminated three-weeks prior to planting of cash crops roughly between 
February and March.  
Table 4.1. Cover crops species established in the fall of 2017 and 2018 at Ben Hur Research 
Station, Baton Rouge, Louisiana. 
Year Location Site Type Species 
Rate (mix)© 
-----  kg ha-1 ---- 
2017 Ben Hur Cover Crop Legume Crimson clover  9.69 
2018   Legume Hairy vetch  9.33 
   Brassica Tillage radish  3.73 
© Cover crops were a mixture of 33.3% each of crimson clover at 29 kg ha-1, tillage radish at 11 kg ha-1, and hairy 
vetch at 28 kg ha-1  
 
 
 
* F was fertilization applied with 17 kg ha-1 of P and K, and NF was not fertilization applied. 
  
Figure 4.1. Field plot plan of the study, Ben Hur Research Station, 2017 to 2019. 
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Cover crops and native weeds were terminated by herbicide application of glyphosate 
(Roundup Original Max, a glyphosate N-(phosphonomethyl) glycine in the form of its potassium 
salt. Bayer Company, St. Louis) at 2.24 kg active ingredient (ai) ha-1. Except for the tillage 
radish, cover crops and native species were successfully terminated using glyphosate. After three 
weeks from the first herbicide application, a second herbicide application was applied using 
metribuzin (Sencor, metribuzin 75%. Bayer Company, St. Louis) at 280 g ai ha-1 with a 
combination of paraquat (Gramoxone, a N′-dimethyl-4,4′-bipyridinium dichloride also known as 
Methyl Viologen. Syngenta Company, Switzerland) at 350 g ai ha-1 to complete the termination 
of tillage radish in 2018. In 2019, tillage radish was predominant and grew until flowering that 
consequently suppressed weeds and also competed with other cover crops (crimson clover and 
hairy vetch). Mechanical termination using tractors with rotary cutters (John Deere 18-60 HP –
MX6 Brush Hog) was used to terminate tillage radish before planting soybean the first week in 
April.  
Soybean was planted in early April at 326,172 seeds ha-1 in 2018 and 2019. In 2019, plots 
were harvested in the first week in April using a R1 Rotary Combine (ALMACO, Iowa); only 
the middle of the four rows were harvested. In 2019, the excessive rainfall received during the 
harvesting season prevented combine harvesters to cut the plots thus sub-samples were taken 
manually from two-meter sections of the third and fourth rows of each plot. Soybean plants were 
cut from the base and placed in paper bags. The samples were dried and weighed prior to 
threshing. Using a BT14 Belt thresher (ALMACO company, Iowa), grains were separated from 
the stover. Weight of the stover was estimated based on the difference between the total plant dry 
weight and grain dry weigh. Grain and stover samples were taken for elemental composition 
analysis.  
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Every composite soil sample was collected from sixteen subsamples at 0 -15 cm and 15 -30 
cm depths in each replication with and without cover crops (CC). The soil, cover crop biomass, 
and cash crop biomass samples were collected based on the timeline outlined in the Figure 4.2.  
 
Figure 4.2. Timeline of soil and plant biomass sampling, and harvesting activities in 2017, 2018 
and 2019. 
 
 Prior to weighing, biomass samples of both cover crops and cash crops were oven-dried at 
65 ± 75°C for 72 hours. Then, dry biomass yield was computed as:  
Dry Biomass = Fresh weight – (Fresh weight × % MC)/100 
Where: 
% MC = moisture content in percent. 
Grain yield was calculated with adjusted moisture content using the following equation: 
Grain yield (kg ha-1) = [(grain yield weight) / plot size in m2) × (10.000 m2 / 1 ha)] × [(100 – 
%MC) / 100 - Adjusted MC].  
Where: 
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Plot size = 1.92 m2 
%MC = Moisture content of grain harvest 
Adjusted MC = weight adjustment moisture content at 13% for soybean grain  
Plant samples, i.e., cover crop biomass, grain and stover were analyzed for macronutrient (N, 
P, K, Mg, and Ca) and micronutrient (Cu, Fe, Mn, Ni, and Zn) concentrations. The amount of 
macronutrients and micronutrients contained in the plant biomass, or grain of the cover crops or 
cash crops was converted in kg ha-1 as the product of plant dry mass in kg ha-1 and nutrient 
concentration (% or mg kg-1). 
4.2.2 Soil analysis 
 
The soil nutrient content was determined based on Mehlich-3 extraction (Mehlich, 1984) 
procedures followed by inductively coupled plasma analysis (ICP). Blanks and reference 
samples were included in each batch of extraction for quality assurance. Two grams of oven-
dried ground soil was weighed into 125 ml plastic bottles and added with 20 ml of Mehlich-3 
solution. The samples were shaken on a reciprocal shaker at high speed and filtered using 
Whatman No. 42 filter paper. Clear extract samples were poured into 10-ml tubes and analyzed 
for macro- and micronutrient concentrations using ICP.  
4.2.3 Plant tissue and grain analysis 
The nitric acid-hydrogen peroxide (HNO3-H2O2) digestion method followed by ICP analysis 
was used for analysis of plant elemental composition. Plant tissue samples (0.5 grams) were 
weighed and placed into digestion tubes. Deionized water (2.2 mL) was dispensed into the 
digestion tube and then after 2 minutes, 5 ml of concentrated HNO3 (68 -70%) ACS reagent 
grade was added. Small glass funnels were placed on top of the tubes before placing them on the 
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digestion block with a starting temperature of 60oC. Every 10 minutes, the temperature was 
increased by 10oC until it reached 125oC. The samples were digested for 45 minutes at 125oC 
and for 50 minutes at 128oC. The digested samples were cooled down for 2 minutes before 
adding 1 ml of 30% hydrogen peroxide (H2O2). After 10 minutes, another 2 mL of H2O2 was 
dispensed into the digestion tubes; the samples were heated again for 30 minutes at 128oC. The 
digested samples were removed from the digestion block and cooled down to 20oC. The digested 
samples were mixed using a vortex mixer before transferring them into a 15 ml centrifuge tube. 
The solution was then brought to 12.5 ml with the distilled water that was used to rinse out the 
remaining digested sample in the tube. The solutions were filtered with Whatman No. 1 filter 
paper and transferred into10-ml tubes for ICP analysis. Blank and reference samples were 
included in each batch of digestion for quality assurance.  
4.2.4 Plant total N analysis  
Total plant and grain N content was determined using CN dry combustion method with LECO® 
CN628 analyzer (determine nitrogen, carbon/nitrogen, and carbon/hydrogen/nitrogen in organic 
matrices, MI). Dried leaf samples were weighed at 20 mg into a tin foil capsule using an 
analytical microbalance (METTLER TOLEDO, Switzerland). The samples were loaded into the 
oven carousel. Samples were flash-combusted converting them into gaseous components in a 
quick and quantitative way. For the determination of N and C content, the bulk material was 
converted to pure N2 and CO2 after a chromatographic column held at an isothermal temperature 
separated the N and CO2. 
4.2.5 Experimental design and statistical analysis 
The treatments included three planting dates (September, October, and November) for cover 
crops mixes (hairy vetch, crimson clover, and tillage radish) and non-cover crops (native weeds) 
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assigned to main plots, and with (17 kg ha-1 of P and K) and without fertilization assigned to sub-
plots with four replications arranged in a split-plot randomized block design. The data were 
subjected to analysis of variance (ANOVA) using PROC MIXED in SAS 9.4 (SAS Institute, 
2012) to determine the treatment effects i.e., planting date and fertilization, soil sampling in time. 
Planting date and fertilization were set as fixed effects; and soil sampling time were set as fixed 
effects while replication was set as random effect. The means separation used was Fischer LSD 
at P < 0.05. 
Cover crops biomass and soil nutrient content at the midseason growth stage of the main-
crop (soybean) were graphed (XY scatter) using Microsoft Excel software. A regression trend 
line and equation were added to determine the degree of association between these two variables 
using the coefficient of determination (r2) as a criterion.  
4.2.6 Economic analysis 
The economic analyses were done by cover crops planting date (September, October, and 
November) with and without fertilizer and no cover crop with and without fertilizer. Least square 
means was used to identify net return differences at P < 0.05. The cover crop costs were 
calculated using a decision tool (Microsoft Excel-based), which estimates production costs of 
planting and agriculture management operations for single and mixed cover crop species (hairy 
vetch, crimson clover, and tillage radish). The tool also considers the different Natural Resources 
Conservation Service (NRCS) incentives for conservation tillage practices and cover cropping 
adoptions (Adusumilli, 2018). Grain (under soybean-soybean cropping system) yield data was 
used to calculate net returns for each treatment in US dollar per hectare. Economic analyses were 
performed using current market prices (National Agricultural Statistics Service, 2019; LSU-
AgCenter, 2019a) for inputs at planting and for output at the time of harvest. Soybean-soybean 
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cropping system costs were calculated in US dollar per hectare basis for agriculture operations, 
fertilizer inputs and application, and herbicide inputs and application. The farming agriculture 
operations were at the Ben Hur Research Station in the Baton Rouge area, Louisiana. 
The revenue was computed as the product of the price ($) per kg (of soybean grain) and 
mean yield. Variable production costs were estimated by utilizing updated crop production input 
price data. Crop production inputs were updated by obtaining prices from farm input suppliers. 
The total variable production cost for soybean operations was the sum of the costs for fertilizer 
and herbicide application, seed, harvesting, and hauling costs including the cost of cover crop 
seeds and application (LSU-AgCenter, 2019b). The net return for each treatment was computed 
as the difference between the revenue and the total variable costs.  
4.3 RESULTS AND DISCUSSION 
4.3.1 Effect of climate conditions on cover crops biomass yield and nutrient removal 
 Climate change has a strong impact on agriculture production around the world. 
Specifically, heavy rainfall events and extreme temperatures affect agriculture practices such as 
planting, fertilization or herbicide application, and harvesting (Powell and Reinhard. 2016). The 
selection of cover crops based on geographic location and climate is essential for maximizing 
biomass yield and potential nutrient turnover to the soil (Dabney et al., 2001). For this research, 
cover crops were planted at three different times (September, October, and November) in 2017 
and 2018. The monthly average temperatures in September, October, and November were 25.7o 
C, 21.4o C, and 16.8o C for 2017, and 27.4o C, 22.7o C, and 13.8 o C for 2018, respectively 
(Figure 4.3). In December, the average temperature was 10o C in 2017 and 2018. Overall, cover 
crops planted in September had higher biomass yields than those planted in October and 
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November. Due to warmer temperatures in September, cover crops had more time to grow and 
accumulate biomass. 
The monthly total precipitation in September, October, and November were 2.0, 91.9, and 
99.8 mm in 2017, and 85.6, 99.8, and 143.8 mm in 2018. In December, the total rainfall received 
in the area was 151 mm in 2017 and 235 mm in 2018. The total rainfall received in September 
was lower than in October and November for both years, but the total amount of rainfall from 
September to December was 564.4 mm in 2018 compared in 2017 with only 313.7mm (Figure 
4.4). Thus, temperature and precipitation had an effect on cover crop growth and biomass 
accumulation. 
 
Figure 4.3. Monthly average temperature (o C) from 2017 to 2019, Ben Hur Research Station, 
Baton Rouge, LA. 
 
 
Figure 4.4. Monthly total precipitation (mm) from 2017 to 2019, Ben Hur Research Station, 
Baton Rouge, LA. 
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Planting date significantly affected cover crop biomass production but not the fertilizer 
treatment (P < 0.0001). The biomass yield of cover crops planted in September was the highest 
followed by biomass produced by cover crops planted in October. There was no difference in 
biomass yield of cover crops planted in November and the no cover crop (control or unseeded 
cover crop) (Figure 4.5 and Table 4.1). In 2017, the total rainfall received in September was the 
lowest with only 2 mm compared to October with 91.1 mm in 2017 and 99.8 mm in 2018, and 
November with 68.6 mm in 2017 and 143.8 mm in 2018 (Figure 4.4). Cover crops planted in 
September and October had more time to grow and develop aboveground biomass with 
September temperatures of 25.7o C and 28.3o C in the fall 2017 and 2018, and with October 
temperatures of 21.4o C and 22.7o C in the fall 2017 and 2018. Winter cover crops continue to 
grow and accumulate biomass in winter unless the temperature is low enough to damage or kill 
plants (Weil and Kremen, 2007). The accumulation of cover crop biomass from fall till the 
beginning of spring the following year, can suppress weed during the winter reduce weed seed 
bank and probably reduce herbicide applications (Finney et al., 2016).  
 
Figure 4.5. Cover crop biomass yield at different planting date with and without starter fertilizer 
at Ben Hur Research Station, 2017-2018. 
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The amounts of N, calcium (Ca), K, magnesium (Mg), P, and sulfur (S) removed by cover 
crops were significantly different among planting dates but not between fertilizer treatments (P < 
0.0001) (Table 4.2). There were differences in the amounts of iron (Fe) and zinc (Zn) removed 
by cover crops biomass across planting dates but not between fertilizer treatments (P < 0.0085; P 
< 0.003) (Table 4.3). The amounts of Cu, Mn, and Ni recovered by cover crops biomass were not 
significantly different among planting date and fertilization treatments (Table 4.3). The 
incorporation of cover crops biomass into the soil can contribute to the accumulation of SOM 
(Zomer et al., 2017). Treadwell et al. (2010) reported that cover cropping using different species 
could be more efficient in optimizing C: N ratios and SOM accumulation than single cover crop 
species. In addition, Finney et al. (2016) reported that biomass yields produced from a mixture of 
cover crop species was higher than biomass yields of a single cover crop species.  
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Table 4.2. Cover crop biomass yield and macronutrient removal rate under different planting date and fertilizer treatments at Ben Hur 
Research Station in 2017 and 2018. 
Planting Treatment∞ Yield N Ca K Mg P S 
  ------------------------- kg ha
-1 ------------------------- 
September Fertilizer 2737A 47.35A 69.60A 102.67A 8.74A 17.05A 17.94A 
 No Fertilizer 2662A 41.58A 54.27A 85.55A 7.79A 13.75A 16.99A 
         
October Fertilizer 1978B 36.47B 28.96B 49.38B 4.30B 8.02B 8.66B 
 No Fertilizer 1894B 37.56B 27.91B 43.19B 4.54B 7.51B 8.80B 
         
November Fertilizer 1035C 15.69C 7.73C 14.59C 2.16C 2.50C 2.48C 
 No Fertilizer 1101C 15.76C 7.84C 16.72C 2.17C 2.54C 2.73C 
         
Control® Fertilizer 1155C 17.65C 9.29C 20.20C 2.20C 3.25C 3.27C 
 No Fertilizer 1132C 18.83C 8.83C 19.17C 2.26C 3.07C 3.32C 
P-value Planting <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
 Fertilization 0.78 0.73 0.42 0.52 0.78 0.36 0.9 
  Planting × Fertilization 0.97 0.74 0.64 0.87 0.89 0.67 0.97 
® No cover crops included native weeds. 
∞ Values with different letter were significantly different for each site-year by Fisher LSD at P<0.05. 
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Table 4.3. Cover crop biomass yield and micronutrient removal rate under different plating date and fertilizer treatments at Ben Hur 
Research Station in 2017 and 2018. 
Planting Treatment∞ Cu Fe Mn Ni Zn 
  --------------------------- g ha
-1 ---------------------- 
September Fertilizer 11.41 1699B 198 6.09 87A 
 No Fertilizer 10.12 1382B 152 6.53 79A 
       
October Fertilizer 11.09 1672B 126 4.36 70A 
 No Fertilizer 11.00 1889B 118 5.17 77A 
       
November Fertilizer 10.05 5473A 151 6.70 55B 
 No Fertilizer 9.22 5247A 133 8.41 53B 
       
Control® Fertilizer 9.80 2771A 134 6.32 58B 
 No Fertilizer 10.39 4569AB 149 6.38 55B 
P-value Planting 0.64 0.0085 0.23 0.15 0.0003 
 Fertilization 0.62 0.67 0.43 0.37 0.74 
 Planting × Fertilization 0.87 0.80 0.70 0.91 0.78 
® No cover crops included native weeds. 
∞ Values with different letter were significantly different for each site-year by Fisher LSD at P<0.05. 
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4.3.2 Effect of planting date and fertilization on cover crops nutrient removal rate and soil 
nutrient content 
Planting date had a significant effect on the main crop (soybean) grain yield but not the 
fertilizer treatment (Figure 4.6; Table 4.4). There was also a significant planting date × 
fertilization effect on soybean grain yield. The lowest soybean yield was 3,043 kg ha-1 from plots 
with cover crops planted (in November) and were fertilized. Grain yield was also low in 
unfertilized plots with cover crops planted in September and October with yield levels of 3,534 
kg ha-1 and 3,462 kg ha-1, respectively. Grain yield levels attained from these treatments were 
significantly lower than yields attained from fertilized plots with cover crops planted in October 
(4,064 kg ha-1). 
 
Figure 4.6. Grain yield of soybean established on plots previously grown to cover crops planted 
at different dates with and without fertilizer at Ben Hur Research Station in 2018 and 2019.  
 
 
The planting date and the interaction (Planting date × fertilizer) effects were significant for 
N, K, Mg, P, and S in soybean grain. Fertilization as a main effect did not significantly influence 
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significantly higher in no cover crop treatment than with cover crops treatment regardless of 
planting date. There was a significant planting date × fertilization effect on Zn in soybean grain 
wherein the highest and lowest amounts were obtained from fertilized plots with cover crops 
planted in October and November, respectively (Table 4.5). The trend of SOM content in the soil 
over time was significantly different in September, October and November planting, and 
significantly higher in the mid-season in 2018 compared to SOM after soybean harvest in 2019 
(P < 0.0001) (Table 4.6). The SOM content between no cover crop and September- and October-
planted cover crops had a wider range than between cover crops and November-planted cover 
crops. This may likely be due to higher biomass produced by cover crops planted in September 
and October than those planted in November (Figure 4.7). The soil pH steadily declined with 
time wherein the 0-15 cm depth was lower in the three planting dates. Soil pH from harvest 2019 
was significantly lower than the initial pH in 2017 for September, October, and November 
planting date (P < 0.0001) (Table 4.6). There was no clear separation on soil pH values between 
fertilized and unfertilized treatments (Figure 4.8). Roots release exudates containing organic 
acids which can acidify soil. The presence of actively growing plants during the fallow period in 
2017 and 2018 produced more root biomass that accumulated within the upper soil layer.  Soil 
Ca was significantly affected by cover crops planting date (P < 0.0004) (Table 4.6). In plots 
under the September-planted cover crops, the soil Ca levels were significantly lower in the main-
crop harvest 2018 (~1,187 mg kg-1) and mid-season 2019 (~1,280 mg kg-1) (Figure 4.9). This 
low soil Ca level occurred when cover crop biomass was high in September with soil Ca uptake 
of ~61.93 kg ha-1 and soybean grain of ~15.20 kg ha-1. At harvest (August 2019), separation of 
soil Ca levels did not take place in September- and October-planted cover crops treatments and 
no cover crop with and without fertilizer treatments. 
111 
 
Table 4.4. Yield and macronutrient in grain of soybean grown on plots previously with cover crops planted at different dates with and 
without fertilizer at Ben Hur Research Station in 2017 and 2018. 
Planting Treatment∞ Yield N Ca K Mg P S 
  ------------------------- kg ha
-1 ------------------------- 
September Fertilizer 3653AB 200.61AB 15.26BC 62.62ABCD 8.59A 17.07ABC 9.55ABCD 
 No Fertilizer 3534BC 193.52AB 15.13BC 61.58BCD 8.35AB 16.40BCD 9.40BCD 
         
October Fertilizer 4064A 222.85A 17.54AB 71.58A 9.56A 18.99A 10.83AB 
 No Fertilizer 3462BC 180.54B 15.24AB 57.44CD 8.34AB 15.01CD 8.66D 
         
November Fertilizer 3045C 172.09B 12.98C 53.83D 7.26B 14.40D 8.16D 
 No Fertilizer 3634AB 193.39AB 15.99C 60.46BCD 8.62A 16.34BCD 9.19CD 
         
Control® Fertilizer 3758AB 211.77A 17.08A 66.55ABC 8.84A 18.10AB 10.54ABC 
 No Fertilizer 3853AB 217.67A 17.42A 67.29AB 9.17A 18.99A 10.90A 
P-value Planting 0.05 0.03 0.02 0.03 0.06 0.01 0.003 
 Fertilization 0.94 0.45 0.72 0.41 0.86 0.48 0.53 
 Planting × Fertilization 0.01 0.02 0.05 0.02 0.03 0.01 0.02 
® No cover crops included native weeds. 
∞ Values with different letter were significantly different for each site-year by Fisher LSD at P<0.05. 
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Table 4.5. Micronutrient in grain of soybean grown on plots previously with cover crops planted at different dates with and without 
fertilizer at Ben Hur Research Station in 2017 and 2018. 
Planting Treatment∞ Cu Fe Mn Ni Zn 
  ----------------- g ha
-1 ---------------- 
September Fertilizer 181 1164 117B 35 164BC 
 No Fertilizer 293 154 112B 35 161BC 
       
October Fertilizer 294 1183 124B 36 187A 
 No Fertilizer 0320 3391 111B 33 160BC 
       
November Fertilizer 343 142 99B 31 143C 
 No Fertilizer 188 200 111B 34 168AB 
       
Control® Fertilizer 395 174 130A 35 155BC 
 No Fertilizer 291 178 135A 38 160BC 
P-value Planting 0.68 0.31 0.001 0.13 0.1 
 Fertilization 0.66 0.23 0.97 0.66 0.97 
 Planting × Fertilization 0.47 0.46 0.24 0.18 0.01 
® No cover crops included native weeds. 
∞ Values with different letter were significantly different for each site-year by Fisher LSD at P<0.05. 
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Table 4.6. P-values for soil organic matter, pH, and soil macronutrients from plots with cover crops planted in September, October, 
and November and no cover crops treatments at 0 – 15 cm depth from 2017 to 2019 at Ben Hur Research Station, Baton Rouge, 
Louisiana. 
Planting Sources of variation OM pH Ca K Mg P S 
  ----------------------------      P-values     --------------------------- 
September Timing® 0.0001 0.0001 0.0004 0.0001 0.0047 0.0002 0.0001 
         
October Timing 0.0001 0.0001 0.0714 0.0001 0.0006 0.0001 0.0001 
         
November Timing 0.0001 0.0001 0.0697 0.0001 0.0061 0.0001 0.0001 
® Timing included cover crop planting, biomass collection, mid-season main crop, and main-crop harvesting activities 2017, 2018, and 2019 (Figure 4.2).  
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Figure 4.7. Trend of organic matter content of soil at 0-15 cm depth under no cover crop (NCC) 
and cover crops (CC) planted in September (a), October (b), and November (c) with and without 
starter fertilizer, Ben Hur Research Station, 2017-2019. Sampling time with different uppercase 
letters were significantly different by Fisher LSD at P < 0.05. 
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Figure 4.8. Trend of soil pH at 0-15 cm depth under no cover crop (NCC) and cover crops (CC) 
planted in September (a), October (b), and November (c) with and without starter fertilizer 
treatments, Ben Hur Research Station, 2017-2019. Sampling time with different uppercase letters 
were significantly different by Fisher LSD at P < 0.05. 
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Figure 4.9. Trend of soil Ca content at 0-15 cm depth under no cover crop (NCC) and cover 
crops (CC) planted in September (a), October (b), and November (c) with and without starter 
fertilizer, Ben Hur Research Station, 2017-2019. Sampling time with different uppercase letters 
were significantly different by Fisher LSD at P < 0.05. 
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Across the treatments soil K levels declined over time (Figure 4.10). The initial soil K levels 
measured in August 2017 were significantly higher than the soil K levels measured after soybean 
harvest in August 2019 (P < 0.0001) (Table 4.5). The drastic reduction in soil K occurred in June 
2019 (~40 mg kg-1) and increased until August (~127 mg kg-1) in 2019 (Figure 4.10). Soil Mg 
generally declined over time with more evidence reduction in plots with September and October 
planted cover crops (Figure 4.11). For all planting dates, the initial soil Mg level measured in 
August 2017 was significantly higher than the soil Mg in August 2019 (Table 4.5). At the last 
sampling in 2019, the effect of cover crops vs. no cover crop on soil Mg was more pronounced in 
plots with cover crops planted in November than in September and October (Figure 4.11).  
The changes on soil P over time within each of the treatments were small making the trend 
seem steady (Figure 4.12). Nevertheless, the lowest soil P was recorded at the initiation of the 
study with peaks occurring either at the termination of cover crops or at mid-season of the main 
crop (Table 4.5). Beginning at the termination of cover crops in 2018, plots with cover crops 
(regardless of planting date) which received starter fertilizer, maintained higher soil P than the no 
crop treatment.  Soil S levels were different over time with largest increases at cover crops 
termination in 2018; small fluctuations of soil followed treatment (Figure 4.13).  
The initial soil S levels in August 2017 were significantly lower than the soil S at soybean-
harvest in August 2019 (Table 4.5). There was a more evident separation of soil S levels between 
no cover crop and cover crops (November planted) treatments than between fertilized and 
unfertilized plots. Soil Ca and K reached the lowest levels in the middle of the main crop growth 
in June 2019, and soil Mg, P, and S levels had the lowest concentration in February in 2019 
when cover crops were established.   
118 
 
Figure 4.10. Trend of soil K at 0-15 cm depth under no cover crop (NCC) and cover crops (CC) 
planted in September (a), October (b), and November (c) with and without starter fertilizer, Ben 
Hur Research Station, 2017-2019. Sampling time with different uppercase letters were 
significantly different by Fisher LSD at P < 0.05.  
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Figure 4.11. Trend of soil Mg at 0-15 cm depth under no cover crop (NCC) and cover crops (CC) 
planted in September (a), October (b), and November (c) with and without starter fertilizer, Ben 
Hur Research Station, 2017-2019. Sampling time with different uppercase letters were 
significantly different by Fisher LSD at P < 0.05. 
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Figure 4.12. Trend of soil P at 0-15 cm depth under no cover crop (NCC) and cover crops (CC) 
planted in September (a), October (b), and November (c) with and without starter fertilizer, Ben 
Hur Research Station, 2017-2019. Sampling time with different uppercase letters were 
significantly different by Fisher LSD at P < 0.05. 
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Figure 4.13. Trend of soil S at 0-15 cm depth under no cover crop (NCC) and cover crops (CC) 
planted in September (a), October (b), and November (c) with and without starter fertilizer, Ben 
Hur Research Station, 2017-2019. Sampling time with different uppercase letters were 
significantly different by Fisher LSD at P < 0.05. 
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The relationships between cover crop biomass at different planting dates (September, 
October, and November) and soybean grain yield were negative with r2 = 0.8 in September-
planted with fertilizer (Figure 4.14), r2 = 0.5 in October -planted with fertilizer (Figure 4.15), and 
with a r2 = 0.4 for November-planted without fertilizer (Figure 4.16). The overall negative 
relationship of cover crops biomass with soybean yield across planting date indicates the shift of 
resources mainly nutrients to cover crops consumption. This is considered a form of competition 
that may or may not significantly impact main crop productivity.    
 
Figure 4.14. Relationship of soybean grain yield with biomass of cover crops planted in 
September with and without fertilizer at Ben Hur Research Station in 2018 and 2019. 
 
 
Figure 4.15. Relationship of soybean grain yield with biomass of cover crops planted in October 
with and without fertilizer at Ben Hur Research Station in 2018 and 2019. 
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Figure 4.16. Relationship of soybean grain yield with biomass of cover crops planted in 
November with and without fertilizer at Ben Hur Research Station in 2018 and 2019. 
4.3.3 Economic analysis on the value of cover crop on the soil fertility with changing 
planting date and fertilization.  
The cost production for the soybean-soybean cropping systems implemented in this study 
was under the conservative tillage operation. Cover crop costs were $139 ha-1 (crimson clover, 
hairy vetch, and tillage radish) and total production costs for soybean and cover crop with 
fertilizer (17 kg ha-1 of P and K) was $965.9 ha-1 and $850.1 ha-1 for without fertilization. 
Soybean production costs were $115.7 ha-1 for fertilizer and application, $502.9 ha-1 for 
herbicide-insecticide and application, $160.8 ha-1 for field operations, $186.2 ha-1 soybean seed 
costs. In addition, NRCS incentives when included with the cover crop mixtures was $141 ha-1 
and with no-till operation an additional $37 ha-1. Soybean net returns with NCRS incentives was 
not significantly different among September, October, and November planting date (P < 0.06), 
and fertilization treatment (P < 0.2) (Figure 4.17). Without NCRS incentives, the soybean net 
returns were significantly different among September, October, and November planting date (P < 
0.0006) but not between fertilization treatment (P < 0.23) (Figure 4.18). Soybean net returns for 
control (no cover crop) was significantly higher ($764.9 ha-1) with fertilization and ($862.4 ha-1) 
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without fertilization than soybean net returns with cover crops planted in September, October, 
and November with and without fertilization.  
Figure 4.17. Net return in dollar per hectare of soybean under no cover crop and with cover crops 
planted at different date with and without fertilizer treatment. This included the NRCS cost-share 
payments. Bars with different uppercase letters were significant different by Fisher LSD at P < 
0.05. 
 
Figure 4.18. Net return in dollar per hectare of soybean under no cover crop and with cover crops 
planted at different date with and without fertilizer treatment. This did not include the NRCS 
cost-share payments. Bars with different uppercase letters were significantly different by Fisher 
LSD at P < 0.05. 
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4.4 CONCLUSION 
Cover crops planted in September had more time to grow and accumulate biomass compared 
with October and November planted cover crops. This indicates that early planting in the fall is 
likely to have good seed germination and plant establishment that eventually favored high 
biomass accumulation. Soybean grain yield had negative associations with cover crops biomass 
yield regardless of planting date suggesting that some resources in the soil most likely nutrients 
were shifted to cover crops consumption. This essentially is a form of competition being 
imposed by cover crops against the main crop. No cover crop with and without fertilizer 
treatments without NRCS incentives had the highest net returns compared to cover crops planted 
in September, October, and November-planted (with or without fertilizer). Even with NRCS 
incentives included in the economic analysis, cover cropping did not improve net return in 
reference to the no cover crop. Overall the outcomes from this study showed the positive impact 
of cover crops biomass on nutrient availability in the soil. The adoption of cover cropping in this 
study is short-term thus the improvement in soil nutrient levels did not result in improvement in 
yield and net return. In addition, the benefits of cover cropping other than nutrient cycling are 
only realized after many years of practice.  
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CHAPTER 5 
SUMMARY AND CONCLUSIONS 
This research was conducted at three producers’ fields in Northeast Louisiana and at the LSU 
AgCenter Ben Hur Research Station in Baton Rouge, Louisiana from 2017 to 2019 to evaluate 
the nutrient turnover of different mixes of cover crop species on soils under different row crop 
production systems. In Northeast Louisiana, the cover crop treatments produced significantly 
higher biomass yield than the no cover crop treatment across sites in 2018 and only at Site 3 in 
2019.  
At the Ben Hur Research Station, cover crops planted in September produced higher biomass 
yield compared to cover crops planted in October and November where planting dates reflected 
an important farmer decision to make for good cover cropping practice. In this study, the 
environmental conditions such as precipitation and temperature affected cover crop growth and 
biomass accumulation. Thus, recovered nutrients from cover crops were higher for September 
planted than October and November planted cover crops.  
Cover cropping produced more biomass compared to native winter weeds (no cover crops 
treatment), and this biomass accumulation was reflected in the amount of nutrients removed or 
scavenged from the soil which consequently increased the level of available nutrients in the soil 
for the main-crop in the second year. However, main crop yields did not respond in all sites and 
the cash net returns were higher with no cover crop treatment for the economic analysis without 
NRCS incentives.  
Cover crop biomass had a negative association with soil P and K nutrients in most site-years. 
Main-crop yields had weak positive associations with cover crop biomass for Sites 1 and 2 in the 
northeast whereas weak to strong negative associations were obtained for Site 3 in the northeast 
and Ben Hur Research Station. The negative association could indicate possible nutrient 
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competition imposed by cover crops against the following main crop. The monitoring of soil 
nutrient levels from planting cover crops in 2017 to harvest of the main-crop in 2019 indicated 
that cover crop biomass accumulation started to turnover nutrients to soil; however, the impact 
on crop yield and cash net returns were not observed suggesting that the improvement in soil 
fertility and crop productivity requires long-term adoption of cover cropping. 
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APPENDIX  
SUPPLEMENTARY DATA CHAPTER 4 
Figure A.1. Trend of soil OM at 15-30 cm depth under no cover crop (NCC) and cover crops 
(CC) planted in September (a), October (b), and November (c) with and without starter fertilizer, 
Ben Hur Research Station, 2017-2019. 
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Figure A.2. Trend of soil pH at 15-30 cm depth under no cover crop (NCC) and cover crops 
(CC) planted in September (a), October (b), and November (c) with and without starter fertilizer, 
Ben Hur Research Station, 2017-2019. 
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Figure A.3. Trend of soil Ca at 15-30 cm depth under no cover crop (NCC) and cover crops (CC) 
planted in September (a), October (b), and November (c) with and without starter fertilizer, Ben 
Hur Research Station, 2017-2019. 
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Figure A.4. Trend of soil K at 15-30 cm depth under no cover crop (NCC) and cover crops (CC) 
planted in September (a), October (b), and November (c) with and without starter fertilizer, Ben 
Hur Research Station, 2017-2019. 
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Figure A.5. Trend of soil Mg at 15-30 cm depth under no cover crop (NCC) and cover crops 
(CC) planted in September (a), October (b), and November (c) with and without starter fertilizer, 
Ben Hur Research Station, 2017-2019. 
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Figure A.6. Trend of soil P at 15-30 cm depth under no cover crop (NCC) and cover crops (CC) 
planted in September (a), October (b), and November (c) with and without starter fertilizer, Ben 
Hur Research Station, 2017-2019. 
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Figure A.7. Trend of soil S at 15-30 cm depth under no cover crop (NCC) and cover crops (CC) 
planted in September (a), October (b), and November (c) with and without starter fertilizer, Ben 
Hur Research Station, 2017-2019. 
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